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DATA SUPPLEMENT TO:

COAL MINE DRAINAGE IN WASHINGTON, 1975-77

By L. A. Fuste', F. A. Packard,
M. O. Fretwell, and D. P. Garland

ABSTRACT

From December 1975 to September 1977 the U.S. Geological Survey studied
coal-mine drainage in western Washington to 1) characterize the water quality of
drainage from abandoned mines in the 11 coal-bearing areas of the State; 2) examine
the water-quality effects on a stream receiving drainage from an abandoned coal
mine; 3) determine the baseline water-quality conditions at two prospective
underground coal-mine areas; and 4) recommend procedures for monitoring stream
quality in the baseline areas in the event that mining occurs.

This report presents physical, chemical, and biological data collected during the
study period from Gallop Creek (Whatecom County), Loretta Creek (Skagit County),
and Wilkeson Creek (Pierce County) and from 100 abandoned coal mines in western
Washington, and from a borehole hydraulic-mining test site. Biological information
included taxonomic identifications and counts of benthic invertebrates and
periphytic algae.



INTRODUCTION

The purpose of this study was fourfold: 1) to characterize the water quality of
drainage from abandoned mines in the 11 coal-bearing areas of the State; 2) to
examine the water—quality effects on a stream receiving drainage from an
abandoned coal mine; 3) to determine the baseline water-quality conditions at two
prospective underground areas; and 4) to recommend procedures for monitoring
stream quality in the baseline areas in the event that mining occurs.

This report presents physical, chemical, and biological data that were
collected by the U.S. Geological Survey in the 11 major coal-bearing areas of
Washington State (fig. 1) from December 1975-September 1977. Within these
coal-bearing areas, water-quality data were collected at 51 of 137 abandoned coal
mines (figs. 2-5, 9) visited, were collected in Gallop Creek (Whatcom County, fig.
6) and Loretta Creek (Skagit County, fig. 7), at two prospective underground coal
mining sites, and in Wilkeson Creek (Pierce County, fig. 8), a stream receiving coal
mine drainage from the Skookum mines. This mine drainage was considered
representative of the coal mine drainage in the State. An interpretive report
describing the project results is in preparation.

Sampling sites were located upstream and downstream from the expected
tunnel adits at each of the two baseline streams, Gallop and Loretta Creeks. In
Wilkeson Creek (fig. 8), four stations were used to determine changes in stream
quality as a result of the mine drainage. Station A was located upstream, away
from any mine, and was used as the control site. Station B received some seepage
from mine tailings and was located on the right bank of the stream directly
opposite Station C, the site receiving mine drainage. Station D was located a
sufficient distance downstream to allow complete mixing of the effluent.



PRESENTATION OF DATA

Chemical and physical data from analyses of water from three streams and
from the mines in the Wilkeson Creek basin are presented in tables 1-8 and 9-12,
respectively. Biologic data were collected in the three streams; they include
taxonomic identification of benthic invertebrates and periphytic algae, with counts
on the former. These data are presented in tables 13-15 and table 16, respectively.

Analyses were also made of physical and chemical constituents of
mine-drainage waters from 9 of the 11 coal-bearing areas reported by Beikman,
Gower, and Dana (1961) to occur in Washington. Water-quality data are presented
for each coal-bearing area (table 17). Mines that were not draining at the time they
were visited or reported dry by local residents (table 19) were not sampled.
Water-quality data gathered at a borehole-hydraulic mining test site (fig. 10), 1
mile southeast of the Skookum mine-drainage study site, are presented in table 18.

A summary of the water quality of coal mine drainages in Washington is
presented in table 20. For comparison purposes, the averages and weighted
averages of sulfur content of Washington coals are presented in table 2l.

In this report, coal-bearing areas that are geologic outliers and thus are clearly
defined are called fields or districts; those that are covered by younger rocks and
thus are not clearly defined are called areas. The name assigned to a field or area
is generally that of the largest nearby town or city (Beikman, Gower, and Dana,
1961). The term "deposit" will be used in table 5 when there is a need to present
data from fields and areas.



METHODS OF ANALYSIS

The methods of water-quality analysis used are outlined by Brown, Skougstad,
and Fishman (1974) or by other currently standard methods of the Geological Survey.

Chemical and Physical Methods

Most samples for the determination of dissolved-oxygen concentration were
analyzed using the AZIDE modification of the Winkler method (American Public
Health Association and others, 1975). Samples for measurement of dissolved oxygen
were also taken in the settling tanks used at the borehole-hydraulic test site. For
these samples, a calibrated YSI-54 electronic meter was used to measure dissolved
oxygen because the presence of colloidal coal particles made Winkler
determinations impossible. Miscellaneous chemical measurements were made in
Gallop and Wilkeson Creeks. Sulfide was analyzed according to Smith and others
(1976). Samples for the determination of an approximate concentration of ferrous
iron were made by filtering a sample through a 0.1-micron filter into hydrochloric
acid (Garry Erlich, U.S. Geological Survey, oral commun., 1977). The samples were
then sent to the U.S. Geological Survey Laboratory, Lakewood, Colo., for analysis.

A crest-stage gage was mounted and rated at the lower station of Gallop and
Loretta Creek so that peak flows could be calculated. Water discharges of stream
and mine drainages were measured using standard Geological Survey gaging
methods.

In order to determine the acid-producing potential of western Washington coal,
Soxhlet analyses of three coal samples (Tono coal seam #1, Centralia; Gallop Creek
coal seam #2; unnamed coal seam penetrated by Cumberland mine near Loretta
Creek) were made using a large extractor (Emrich, 1973) packed with glass wool and
500 grams of coal. The coal had been crushed and sieved to between 1 and 2
millimeters in intermediate diameter. Hot distilled water was passed through each
crushed coal sample an average of 50 times.

Biological Methods

Benthie invertebrates were collected using artificial substrate samplers at the
two baseline areas and in the stream receiving mine drainage. These samplers
consisted of cylindrical wire-mesh baskets, commonly called "barbecue baskets,"
measuring 7 x 11 inches which contain enough cobble-sized rocks to cover 3.23 ft2
of streambed surface area.



All barbecue baskets were packed with clean streambank rocks whose
intermediate axis measured from 2.5 to 3.5 inches. Standardization of rock surface
area and rock size permitted station-to-station comparisons. The baskets were
attached to chains that in turn were connected to 3-foot-long steel stakes driven
into the streambed. All baskets were placed in riffles and set parallel to the
current at depths from 12 to 18 inches and in sections of similar velocity. The
samplers were collected after 1 month of benthic invertebrate colonization, and new
samplers were set using identical techniques.

Cylindrical nylon-mesh (210 micron) bags were designed to aid in the retrieval
of barbecue baskets from the stream. The general consensus regarding mesh size is
that a pore size of 300 microns or larger misses over half the fauna by numbers and
taxa (Mason, Lewis, and Hudson, 1975), especially if chironomids and blackflies are a
large component of the fauna (Zelt and Clifford, 1972). After collection, the baskets
and the bags were placed in 19-liter plastie drums filled with 80-percent ethanol and
brought back to the laboratory for processing and sorting of invertebrate organisms.

In the laboratory, invertebrates were separated from sediment and detritus
using kerosene flotation (Dan Dindal, New York State University, oral commun.,
1977) and hand separation before sorting into major groups (aquatic insects and
non-insects). During the late fall and early winter season, samples in the three
streams contained large numbers of midges, mayflies, and blackflies. These samples
were split, and counts of the three groups were estimated using split fractions
(Elliot, 1877). All other organisms were counted completely. The final step involved
taxonomic identification of the invertebrates to the lowest taxonomic level
practical.

Polyethylene strips were placed in Gallop, Loretta, and Wilkeson Creeks for
several periods of 3-4 weeks each to obtain information on periphyton growth. The
strips were nailed to small (2.5 x 6 inch) plywood boards and these were wired to
steel stakes in a vertical position, at fixed depths of 3-5 inches. The stakes and
attached boards were placed in the riffle portions of the streams with the
polyethylene strip facing downstream to minimize scouring effects. Strips with a
month of periphyton growth were retrieved and immersed with a 5-percent
FORMALIN solution containing cupric sulfate and some detergent. They were then
sent to the USGS Central Laboratory in Atlanta, Ga., for taxonomic identification.

In the Wilkeson Creek area (fig. 8) samples of bottom material were collected
below the main portal (sample point no. 1, fig. 9) and the Fanhouse portal (sample
point no. 2, fig. 9) of the Skookum mine to determine the presence of sulfur and iron
bacteria, respectively. Samples from the main portal were placed in glass jars and
hermetically sealed. Samples from the Fanhouse were placed in 250-milliliter
polyethylene bottles. Both samples were chilled and sent to Garry Erlich (U.S.
Geological Survey, Menlo Park, Calif.), for identification.



DEFINITION OF TERMS

Acre-foot (ac-ft) - The quantity of water required to cover 1 acre to a depth
of 1 foot and equal to 325,900 gallons (1,233.5 cubic meters).

Benthic invertebrate — An invertebrate of the benthos, the community of orga-
nisms living in or on the bottom of an aquatic environment,

Borehole hydraulic mining - Underground mining in which a high-pressure jet-
ting tool is used and where access to the coal seam is by way of a
borehole. A cavity is formed as the coal is fractured into fine
particles by the high velocity water. The water and coal slurry in the
cavity is then pumped to the surface via a second pipe in the jetting
tool.

Discharge - The volume of water that passes a given point within a given per-
iod of time.

Dissolved - Pertaining to the amount of a substance present in true chemical
solution. In practice, however, the term includes all forms of the
substance that will pass through a 0.45-micrometer membrane filter, and
thus may include some very small colloidal particles.

Drainage basin - The area drained by or contributing to a stream, lake, or
other water body.

Hardness = A physical-chemical characteristic that is commonly recognized by
the increased quantity of soap required to produce a lather. It is
attributable to the presence of alkaline earths (principally calcium and
magnesium) and is expressed as an equivalent amount of calcium carbonate
(CaCo03),

Invertebrate — An animal without a backbone. Common examples include worms,
insects, snails, and crayfish.

Iron bacteria ~ Bacteria that are capable of metabolizing reduced iron present
in the aqueous habitat,

Milligrams per liter (mg/L) and micrograms per liter (ug/L) - Units for ex-
pressing the concentration of chemical constituents in solution as the
weight of solute per unit volume of water., Concentration of suspended
sediment is expressed in milligrams per liter, and is based on the weight
of sediment per liter of water-sediment mixture.

Periphyton - A community of microorganisms (algae) attached to or living wupon
submerged surfaces.

Soxhlet extraction — Extraction procedure using coal and hot water that simu-
lates natural conditions for the formation of acid mine water. This
procedure speeds up the natural oxidation of a sample so that years of
natural weathering can be reproduced in a matter of a few weeks.




Sulfur bacteria — Bacteria that can oxidize or reduce significant amounts of
organic sulfur compounds.

Suspended sediment - The sediment that at any given time is maintained in sus-
pension by the upward components of turbulent currents or that exists in
suspension as a colloid.

Suspended-sediment concentration — The velocity-weighted concentration of sus-—
pended sediment in the sampled zone (from the water surface to a point
approximately 0.3 foot above the bed), expressed as milligrams of dry
sediment per liter of water-sediment mixture (mg/L).

Sodium-adsorption ratio (SAR) - An expression of the relative activity of sodi-
um ions in exchange reactions with soil, and an index of sodium or alkali
hazard to the soil, Waters range in sodium hazard from those that can be
used for irrigation on almost all soils and crops to those that are
generally unsatisfactory for irrigation.

Specific conductance - A measure of the ability of a water to conduct an elec-
trical current, and expressed in micromhos per centimeter at 250C.
Because the specific conductance is related to the number and specific
chemical types of ions in solution, it can be used for approximating
the dissolved-solids contents of the water.

Tons per day — A unit of measurement for the quantity of a substance in solu-
tion or suspension that passes a stream section during a 24-hour day.

Total - As used in tables of chemical analyses, refers to the amount of a sub-
stance that is present both in solution and in suspension. Analyses are
performed on representative samples of water and suspended-sediment
mixtures,
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TABLE 1.--Water-quality data for the upstream station in Gallop Creek
during June-November 1976

TIME

DATE
JUN » 1976
2Bees 1645
JUuL

2900 1900
AUG

260 1645
SEP

22400 1430
ocT

29%9c0e 1230
NOV

24000 1330

ACIDITY
(MG/L

DATE AS H)
JUN s 1976
28eee ol
JuL

2% 00 <.l
AUG

264000 ol
SEP

22000 ol
ocT

290 ol
NOV

24ene ol

STREAM=-
FLOWS
INSTAN=-
TANEOQUS
(CFS)

ACIDITY

(MG/L
AS

CACO3)

Se0

.0

5.0

S.0

S.0

5.0

12205310

SPE~-
CIFIC
CON-
QuCT-
ANCE
(UMHOS)

27
32
52
32

24

CALCIUM
DIS~
SOLVED
(MG/L
AS CA)

PH

(UNITS)

6.8
Te6
Tt
6.8

6.5

MAGNE -~
SIum,
oIS~

SOLVED
(MG/L

AS MG)

.2

1.5

2.0
1.2

.9

TEMPER~
ATURE
(DEG C)
1.2
T.2

6.9

SODIUMs
DIS-

SOLVED
(MG/L

AS NA)

.9

o7

.8

1.2

.8

19

WATER QUALITY DATA

BARO~
METRIC
PRES-
SUKE
(MM
oF
HG)
661
673
675
671
678

670

PERCENT
SODIUM

31
8

17

= GALLOP CR NR GLACIERs wWASH

TUR~

81D~

ITY
(JTW)

100

SODIUM
AD-
SORP~
TION
RATIO

o2
ol
ol
ol
ol
.2

OXYGEN+,
NIS~

SOLVED

(MG/L)

11.9
10.4
10.2
10.5

11.5
11.5

POTAS~
SIUM,
DIS-

SOLVED

(MG/L

AS K)

OXYGEN
DEMAND »
B8I10-
CHEM-
ICAL
S DAY
(MG/L)

BICAR~-

BONATE
FET=-FLD

(MG/L

HCO03)

19
21
31
23

11

HARD-
NESS
(MG/L

CaCO03)

18
20
27
18
13

CAR~
B8ONATE
FET=FLD
(MG/L
AS C03)

HARD~
NESS»
NONCAR-
BONATE
(MG/L
CaCo03)

w W

ALKA-
LINITY
FIELD
(MG/L
AS
CACO3)

16
17
25
19



TABLE 1.--Water-quality data for the upstream station in Gallop Creek
during June-November 1976--continued

SOLIDS, ALUM=-
CARBON ChLO- FLUO- SILICAs SUM OF SOLIDSy NITRO- NITRO~- PHOS~- INUM.
DIOXIDE SULFaTE RIDE. RIDE DIS~- CONSTI- DIS- GENs GEN» PHORUS » TOTAL
DIS- DIS~- 0Is=- DIS~- SOLVED TUENTS, SOLVED NO2+NO3 AMMONIA OKRTHO RECOV~-
SOLVED SOLVED SOLVED SOLVED (MG/L OIS~ (TONS ToTaL ToTaL ToTAL ERABLE
(MG/L (MG/L (MG/L (MG/L AS SOLVED PER (MG/L (MG/L (MG/L (UG/L
DATE AS C02) AS S04) AS CL) AS F) sS102) (MG/L) AC-FT) AS N) AS N) AS P) AS AL)
JUN s 1976
2Been 1.0 2.4 .8 -- - - - <.10 « 040 <.010 -
Jub
290 o8 1.8 .6 <ol 4.0 23 03 21 +020 «010 110
AUG
26000 le3 3.7 ) - - - - 13 + 050 «010 -
SEP
22ean Te9 2.9 1.3 - - - - .28 <020 <4010 -
ocT
29%.¢e 12 3.5 lal ol 4.6 28 «04 «25 080 <030 900
NOV
LT 2.8 5.8 1.5 - - - - «20 0240 o140 -
CHRO-
ALUM= CADMIUM MIUM, CHRO- CORPPER, IRON» LEAD»
INUM, ARSENIC TOTAL CADMIUM TOTAL MIUM, TDTAL COPPER ToTaL TOTAL
DIS- ARSENIC DIS- RECOV~ DIS- RECOV- 0Is- RECOV=- DIS- RECDV = RECOV~
SOLVEDL TOTAL SULVED ERABLE SOLVED ERABLE SOLVED ERAULE SOLVED ERABLE ERABLE
(UG/L {uG/L (tuG/L (us/u (UG/L (uG/L (UG/L (UG/L (UG/L (UG/L (UG/L
DATE AS aL) AS AS) AS AS) AS CD) AS CD) AS CR) AS CR) AS Cu) AS CU) AS FE) AS PB)
JUN » 1976
28eee - - - - - - - - - 190 --
JuL
29cee 60 <1 <l <20 ND <20 ND <20 ND 70 <200
AUG
26eee - -- - - - -- - - - 150 -
SEP
22400 - - -- -- - - -- - -- 90 -
ocT
29ees <100 1 1 <20 NU ND ND <20 <2 1300 <200
NOV
Cheea - - - - -- - - - - 22000 -
MANGA= SEDI-
NESE» MANGA- MERCURY NICKEL» ZINCoy VMENT »
LEAD. TOoTAL NESE» TOoTAL ToTaL NICKEL TOoTAL ZINC» SEDI- DIS~
VIS~ KECOV= DIS- RECOV~ RECOV=- DIS~- RECOV- OIS~ MENT» CHAKGE »
SOLVED ERABLE SOLVED ERABLE ERABLE SOLVED ERASLE SOLVED SUS~- SUS=-
(UG/L (UGsL (UG/L (UG/L (uG/L (UG/L (UG/L (uG/L PENDED PENDED
DATE AS PB) AS MN) AS MN) AS Hob) AS NI AS NI) AS ZIN) AS IN) (MG/L) (T/DAY)
JUN o+ 1976
28e0s - - - -~ - - - - 6 --
JUL
2900 <2 <10 <l0 <5 <50 ND <20 NL 2 02
AUG
26eae -- -- - -~ - -- -- -- 1 .01
SEP
22e0e - - - -~ - -- - - 2 «01
oCT
2%, ND 30 <10 <e5 <50 4 <20 ND 10 «0o
NOV
24e0e - - - -~ - - - - 33 «70

20



TABLE 2.--Water-quality data for the downstream station in Gallop Creek
during December 1975 to December 1976

21

12205320 - GALLOP CR NR MOUTH AT GLACIER. WASH
WATER QUALITY DATA
BARO- OXYGEN
SPE- METRIC DEMAND » HARD-
STREAM-  CIFIC PRES~- BI0- HARD~ NESSs
FLOWs CON~- SURE TUR-  OXYGENs  CHEM=- NESS NONCAR~-
INSTAN-  DUCT- PH TEMPER~ (MM 81D~ oIS~ ICAL, (MG/L  BONATE  ACIDITY
TIME  TANEOUS  ANCE ATURE OF ITY SOLVED 5 DAY (MG/L (MG /L,
DATE (CFS)  (UMHOS) (UNITS) (DEG C) HG) WTw (MG/L)  (MG/L)  CACO3)  CACO3)  AS H)
DEC » 1975
2344, 1400 9.8 43 8.5 3.6 -- 1 12.9 - 31 7 <.l
JAN » 1976
28..e 0800 T4 45 7.6 3.6 741 5 12.8 1.8 20 6 <.l
FEB
26440 1100 8.4 67 7.4 1.9 728 0 12.9 2.2 26 0 <ol
MAR
25,4 0830 7.2 4l 7.2 2.5 738 30 13.1 1.6 22 0 <ol
APR
2744 0930 -- - - - - - -- - - - -
2740, 1000 7.3 58 7.6 4.5 736 4 12,4 3.7 25 1 <l
27440 1115 -- - -- - -- -- - -- - - --
MAY
2044, 1330 18 35 7.5 5.8 738 0 12.2 2.6 17 0 .1
JUN
28... 1115 23 32 6.8 Tes 732 0 11.3 -- 18 1 <ol
JuL
29... 1120 7.0 49 7.4 10.7 732 0 11.0 -- 24 2 .l
AUG
26440 1045 8.3 47 7.7 9.0 739 0 11.3 2.3 24 1 <.l
SEP
22400 0830 3.7 58 6.8 10.7 734 0 10.4 -- 28 0 .l
ocT
29400 0830 4.9 “8 5.4 6.0 740 0 11.8 .8 25 3 <l
NOV
17... 1540 -- -- -- -- - - - -— - - -
18400 0720 12 48 - 4.2 -- - - - - - -
2640 0800 7.6 47 7.5 5.5 735 1 11.8 -- 25 . <ol
2640 1530 26 48 - - - - - - - - -
DEC
0900 1105 13 -- - - - -- -- -- - - -
09¢ss 1600 14 28 - -- - - - - .- - -
1044s 0745 11 -- - -- - -- -- - -- - -
23444 0815 9.8 37 7.5 3.4 735 1 12.7 - - - <.l
MAGNE- SODIUM  POTAS-  BICAR= ALKA- CARBON
CALCIUM SIUMs SODIUMs AD- SIUMs  BONATE CAR-  LINITY DIOXIDE
ACIDITY  DIS- DIS~ DIS~- SORP- DIS- FET-FLD BONATE  FIELD DIS-
(MG/L SOLVED  SOLVED SOLVED TION SOLVED  (MG/L  FET=FLD  (MG/L SOLVED
AS (MG/L (MG/L (MG/L  PERCENT  RaTIO (MG/L AS (MG/L s (MG/L
0ATE CACO3)  AS CA)  AS MG)  AS NA)  SOOIUM AS X} HCO3)  AS C03)  CACO3) AS CO02)
0EC » 1975
2344 .0 8.4 2.5 1.3 8 .1 .6 30 0 25 .2
JAN s 1976
28444 .0 3.9 2.4 1.2 11 . .5 17 0 14 .7
FEB
264. .0 7.1 2.1 1.5 11 .1 .7 35 -- 29 2.2
MARK
25,40 .0 5.7 1.8 lo4 12 o1 . 28 0 23 2.8
APR
2T4ss -- -- -- -- -- -- - -- - -- -
2740 0 5.9 2.4 1.4 11 .l . 29 -- 24 1.2
27000 -- -- -- -- -~ -- -- -- - -- -
MAY
20... 5.0 4.5 1.3 o7 8 .1 .2 22 0 18 1.1
JUN
28... .0 4.8 1.4 .9 10 .1 o 20 0 16 5.1
JuL
2940 5.0 6.6 1.9 1.0 8 .1 o 27 0 22 1.7
AUG
2640s .0 6.8 1.8 1.1 9 .l .3 28 0 23 .9
SEP
2240 540 7.8 2.0 1.5 10 .1 . 34 0 28 8.6
ocT
29... .0 7.2 1.8 1.3 10 .1 .4 27 -- 22 17
NOV
1704, -- - -- -- -- - - -- -- -- --
184.. -- -- .- - -- - - - - -- -
264as .0 6.5 2.1 1.3 10 .1 o 26 -- 21 1.3
2604 -- - - - -- - - - -- -- -
DEC
09400 -- -- - -- -- -- -- -- - -- -
0904 -- - - -- -- -- - -- - -- --
10... -- - -- -- - -- - -- - -- --
23444 .0 -- - - -- -- -- -- -- -- --



TABLE 2.--Water-quality data for the downstream station in Gallop Creek

DATE

DEC »
23.ee
JAN o
2Beee
FER
26eee
MAR
25¢0e
APR
2Taee
2Tees
2740
MAY
2060
JUN
28c0e
JuL
29 e
AUG
2640
SEP
2240
ocrY
29
NOV
17cee
18.0e
24c00
r-L N
DEC
090
09.se
10eee
23ees

DATE

SULFATE
DIS-
SOLVED
(MG/L
AS 504)

1975

1.7

1976

2.6
2.7

2.0

ARSENIC
TOTAL
(UG/L
AS AS)

during December 1975 to December 1976--continued

CrLO~-
RIDE»
DIS-
SOLVEV
(MG/L
AS CL)

9

o8

.6

ARSENIC
DIs-
SOLVED
(UG/L
AS AS)

FLUO-
RIDE,
LIS~
SOLVED
(MG/L
AS F)

CADMIUM
TOTAL
RECOvV~-
ERABLE
(UG/L
AS CD)

SILICA,
DIS-
SOLVED
(MG/L
AS
5102)

CADMIUM
DIs-

SOLVED
(UG/L

AS CD)

SOLIDS»
SuM OF
CONSTI~-
TUENTS,

DIS-
SOLVED
(MG/L)

CHRO-
MIUM
ToTAL
RECOV-
ERABLE
(UG/L
AS CR)

SOLIDS,
DIS~
SOLVED
{TONS
PER
AC=FT)

CHRO~-
MIUMs
DIS-

SOLVED
(UG/L
AS CR)

ND

ND

22

NITRO-
GENy
NO2+NO3
TOTAL
(MG/L
AS N)

«20

COPPER»
TOTAL
RECOV~-
ERABLE
(UG/L
AS Cu)

NITRO-
GEN»
AMMONIT A
TOTAL
(MG/L
AS N)

<030

«050

040

el40

-

«040

«030
020
020
«030
010

.020

COPPERS
DIS-
SOLVED
(uG/L
AS CU)

PHOS~-
PHORUS,
ORTHO»
ToTAL
(MG/L

AS P)
«050
<e010
<010
020

010

<.010
<.010
«020
010
<.010

<.010

IRON,
TOTAL
RECOV~-
ERABLE
(UG/L
AS FE)

350
150

490
1500
160
90

30

90

ALUM=-
INUM,
TOTAL
RECOV~-
ERABLE
(UG/L
AS AL)

IRON»
DIS-
SOLVED
(UG7L
AS FE)

<l

30

ALUM=
INUM,
DIS-
SOLVED
(UG/L
AS AL)

IRON»
FERROUS
DIS-
SOLVED
(UG/L
AS FE)



TABLE 2.--Water-quality data for the downstream station in Gallop Creek

DATE

OEC »
23600
JAN »
2Beee
FEB
26s0s
MAR
25¢00
APR
270
2Te0e
2Teee
MAY
20¢00
JUN
28000
JuL
29%ese
AUG
26e0e
SEP
22e0e
ocT
290
NOV
174
1840
24000
2040,
DEC
09...
0900
1040
2340

LEAD
TOTAL
RECOV=
ERABLE
(UG/L
AS PB)

1975

1976

during December 1975 to December 1976--continued

LEADS
DIs-
SOLVED
(UG/L
AS PB)

MANGA=
NESE
TOTAL
RECOV=-
ERABLE
(UG/L
AS MN}

MANGA-
NESE»
0Is~
SOLVED
(UGsL
AS MN)

MERCURY
TOTAL
RECOV~
ERABLE
(UG/L
AS HG)

23

NICKEL s
TOTAL
RECOV=-
ERABLE
(uG/sL
AS NI)

NICKEL
DIS-
SDLVED
(uG/L
AS NI)

ZINC»
TOTAL
RECOV~
ERABLE
(UG/L
AS IN)

ZINC»
DIS-
SOLVED
(UG/L
AS ZN)

SEDI-
MENT»
Sus-
PENDED
(MG/L)

2340

S3

18

84
38

111

10
11

SEDI~-
MENT»
DIs-
CHARGE »
Sus-
PENDED
(T/DAY)

«35
o42
el2
«03



TABLE 3.--Water-quality data for the upstream station in Loretta Creek
during May 1976 to May 1977

TIME
DATE
JUN » 1976
29en 1730
JuL
30ess 1000
AUG
2Tees 1230
SEP
2340 1430
ocT
28Bsee 1530
NOV
2340 1530
DEC
22400 1400
JAN ¢ 1977
26¢00 1430
MAR
02s00 1300
MAY
02eee 1400
ACIDITY
{(MG/L
DATE AS H)
JUN « 1976
29eee <ol
JuL
30.0e ol
AUG
2T40s ol
SEP
23400 ol
ocr
28000 ol
NOV
X P ol
OEC
22eee <ol
JAN 9 1977
26.00 <ol
MAR
N2aees ol
MAY
0Peee 2

STREAM=~
FLOW,
INSTAN=-
TANEOUS
(CFS)

ACIDITY
(MG/L
AS
CACOY)

5.0

10

12196153

SPE-
CIFIC
CON-
pucT-
ANCE
(UMHOS )
63
96
45
76
35
7
46
54
36

30

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)

10

PH

(UNITS)

MAGNE -
SIUMy
DIS~-

SOLVED
(MG/L

AS MG)

TEMPER~
ATURE
(DEG C©)

SODIUMS
DIS-
SOLVED
(MG/L
AS NA)

2.2

24

WATER QUALITY DATA

BARO~
METRIC
PRES~
SURE
(MM
OF
HG)
688
691
695
693
696
698
693
693
690

689

PERCENT
SODIUM
13

11

15

15

15

13

15

14

17

15

- LORETTA CR NR DAY CRs» WASH

TUR-

8ID-

ITY
(JTU)

SODIuM
AD-
SORP-
TION
RATIO

o2
2
o2
o2
o2

.2

.2
.2

ol

OXYGEN,
DIS~

SOLVED
(MG/L)
10.2
10.7
10.3
10.3
11.0

11.5

POTAS~
SIUM,
DIS~

SOLVED

(MG/L

AS K)

Y
3
«2
3
«3
3
2
.2

o2

OXYGEN
DEMAND
BIO-
CHEM-
ICAL Y
5 DAY
(MG/L)

2.5

BICAR-

BONATE

FET=-FLD
(MG/L

AS

HCO3)

41

S5

27

48

12

34

28

32

20

15

HARD-
NESS
(MG/L
AS
CACO3)
32
(24
23
35
20
28
23
25
18

15

CAR~-
BONATE
FET=-FLD
(MG/L
AS C03)

HARD~
NESS»
NONCAR~
BONATE
(MG/L
CACOd)

ALKA-
LINITY
FIELD
(MG/L
AS

CACO03)

34

45

22

39

10

28

23

26

16

12



TABLE 3.--Water-quality data for the upstream station in Loretta Creek
during May 1976 to May 1977--continued

SOLIDS. ALUM-
CARBON CHLO- FLUO- SILICAy SUM OF SOLIDS, NITRO- NITRO- PHOS=- INUM,
DIOXIDE SULFATE RIDEs RIDE, DIS~ CONSTI- DIs- GEN» GEN» PHORUS » TOoTAL
DIS~- DIS~ DIS- DIS- SOLVED TUENTS, SOLVED NO2+NO3 AMMONIA ORTHO, RECOV-
SOLVED SOLVED SOLVED SOLVED (MG/L DIS- (TONS TOTAL TOTAL TOTAL ERABLE
(MG/L (MG/L {MG/L (MG/L AS SOLVED PER (MG/L (MG/L (MG/L (UG/L
DATE AS C02) AS S04) as cL) AS F) S102) (MG/L) AC-FT) AS N) AS N) AS P) AS AL)
JUN s 1976
2%eee 5.2 2.6 244 - -- -- - <e10 040 <. 010 -
JUL
30eee 1.8 3.1 .8 .1 7.0 S8 .08 .02 «030 +060 80
AUG
2Teee le4 4.1 1.1 - -- -- - «01 «050 010 -
SEP
23400 Te7 5.0 .8 - -- - - <.10 .020 <010 --
ocrt
28400 7.6 12 ol <.l Sel 33 .04 «05 «060 010 350
NOV
2300 le4 3.7 1,1 - - -- - «02 «020 <l.010 -
DEC
22400 l.1 3.2 1.3 - - -- - «06 030 <l,010 --
JAN ¢ 1977
26000 1.3 2.7 1.0 <.l 5.9 37 «05 «05 020 <,010 --
MAR
02a0e 1.0 3.4 l.2 - - - - 044 «030 <.010 -
May
02¢0e 140 540 1.2 <.l 3.7 24 «03 01 «040 «010 330
CHRO~
ALUM= CADMIUM MIUM, CHRO~- COPPERS IRON» LEAD»
INUMs ARSENIC TOTAL CADMIUM TOTAL MIUM, TOTAL COPPER TOTAL TOTAL
D1S- ARSENIC 0is~- RECOV=- DIs- RECUV~- DISs- RECOV~- D1S~- RECOV=- RECOV~
SOLVED ToTAL SOLVED ERABLE SOLVEU ERABLE SOLVED ERABLE SOLVED ERABLE ERABLE
(UG/L (UG/L. UG/ (UGsL (UGsL (UG/L (u6/L (U6/L (UG/L (UG/L (UGsL
DATE AS AL) AS AS) AS AS) AS CD) AS CD) AS CR) AS CR) AS CU) AS CU) AS FE) AS PB)
JUN ¢ 1976
2944 - - - - - - - - - 70 -
JuL
304ss 30 1 1 <20 ND <20 ND <20 ND 60 <200
AUG
27ees -- - - - -- - - - - 170 -
SEP
23e0s - - - —-—— - - - - - 110 -
ocT
28eee 230 1 1 <20 NO ND ND <20 <2 270 <200
NOV
2340 - - - - - - - - -- 100 -
DEC
220 -- - - - - -- - -- -- 160 -
JAN + 1977
26eee 60 - <1 -- 2 -—- ND -- 2 130 -
MAR
02ass - -- - -- - - - -—- - 130 -
MAY
02¢00 150 - <1 - NO -- ND -- ND 250 -
MANGA= SEDI-
NESE s MANGA= MERCURY NICKELS ZINCoy MENT »
LEADs TOTAL NESEs TOTAL TOTAL NICKEL TOTAL ZINCy SEDI~ DIS-
DIs- RECOV= DIS~ RECOV- RECOV~ DIS~- RECOV~ DIS- MENT CHARGE s
SOLVED ERABLE SOLVED ERABLE ERABLE SOLVED ERABLE SOLVED Sus- SUS~-
(uG/L {UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L PENDED PENDED
DATE AS PB) AS MN) AS MN) AS HG) AS NI) AS NI AS ZN) AS ZIN) {MG/L) (T/DAY)
JUN » 1976
29¢es -- -- -- -- -- -- - - 1 .00
JUL
3040 NO <10 <l0 <e5 <50 NO ND ND 2 «00
AUG
270 -- -- -- -- -- - - - 5 .03
SEP
23ees - -- - -- - -- -~ -- 4 «01
ocTy
26eee NOD 20 <10 <e5 <50 4 ND ND 2 .02
NOV
23040 - - - - - - . - 3 .01
DEC
2240s -- - -- - . - - - 2 .01
JAN » 1977
26000 14 -- <lo <e5 -- 2 -~ ND 0 «00
MAR
02e0e - - - -— - - -— - 1 +01
MAY
0240 2 - S <.5 - ND - 4 4 .16



TABLE 4.--Water-quality data for the downstream station in Loretta Creek

DATE

MAY o
18440
JUN
290
JuL
3060
AUG
2Tees
SEP
23¢ee
acT
2Bees
NOV
23eae
OtC
22e00
JAN s
26see
MAR
0240
30ee.
MAY
02400

OATE

MAY s
1Beee
JUN
29 e
JuL
30...
AUG
2765
SEP
23e0e
ocT
2840
NOV
23400
OEC
22400
JAN o
26000
MAR
02¢es
30...
MAY
02400

TIME

1976

1130
0930
1430
0830
0930
1030
1030

1045

1977

1000

1010
1200

1030

ACIDITY
(MG/L
AS H)

1976

ol

1977

STREAM=
FLOW,

INSTAN=

TANEQUS
(CFS)

ACIDITY
(MG/L
AS
CACO0J3)
5.0
Y
5.0
o0
10
o0
0
.0
Y

.0
5.0

10

12196155

SPE=~
CIFIC
CON-
DUCT~
ANCE
(UMHOS)
36
T2
94
73
79
73
75
60
69

59
65

50

CALCIUM
DIs-
SULVED
(MG/L
AS CaA)

12
13

10

PH

(UNITS)

MAGNE -
SIUuM,
DIs-

SOLVED
(MG/L

AS MG)

during May 1976 to May 1977

- LORETTA CR NR HAMILTONs WASH

WATER QUALITY DATA

TEMPER=
ATURE
(DEG C)

5.4

SODIUM»
BDIS~-
SOLVED
(MG/L
AS NA)

26

BARO-
METRIC
PRES~-
SURE
(MM
oF
HG)

749
795
761
732
761
764
760
761

758
766

755

PERCENT
SODIUM

12
12
13
12
12
13
13
13

13

14

TUR=-

BID~

1Ty
(JTU)

SODIUM
AD-
SORP-
TION
RATIO

2
o2
o2
.2
o2
.2
.2
.2

o2
.2

OXYGEN,
DIS~

SOLVED
(MG/L)
11.0
11.0
10.5
10.8
10,6
11.3

12.4

POTAS-
SIUM,
DIS~-

SDLVED

(MG/L

AS K)

*3
«5

ol

«5

o4

«3

.3
o3

o3

OXYGEN
DEMAND »
BIO~
CHEM-
ICAL
S DAy
(MG/L)

BICAR-

BONATE

FET-FLD
(MG/L

AS

HCO3)

24

43

51

43

52

42

39

35

37

31
33

27

HARD-
NESS
(MG/L
AS
Caco3)

40
45
34
46
38
34
30
33

27
29

23

CAR=-
BONATE
FET-FLD
(MG/L
AS CO03)

HARD=-
NESS»
NONCAR=-
BONATE
(MG/L
CACO3)

ALKA~-
LINITY
FIELD
(MG/L
AS

CACO3)

20

35

42

35

43

34

32

29

30

25
a1

22



TABLE 4.--Water-quality data for the downstream station in Loretta Creek

CARBON
DIOXIDE
DIS-
SOLVED
(MG/L
DATE AS C02)
MAY o 1976
18ees --
JUN
29.0s 3.4
JuL
30.e. l.6
AUG
27ees lal
SEP
23¢ee 13
ocTt
28ee0 11
NOV
23e0s o8
DEC
22e0e 9
JAN ¢ 1977
26404 1.5
MAR
02400 1.0
30eee lel
MAY
02ene 9
ALUM=-
INUM,
DIS~
SOLVED
(UG/L
DATE AS AL)
MAY + 1976
1800 --
JUN
2% 40 -
JuL
30.ae 10
AUG
2Teee ~-
SEP
23.0e -
ocT
2Reee 30
NOV
23eee --
DEC
22s00 -
JAN « 1977
2heee 20
MAR
02¢0e -
30... -
MAY
-2 60

during May 1976 to May 1977--continued

SULFATE
DIS-
SOLVED
(MG/L

AS 504)

ARSENIC
TOTAL

(UG/L

AS AS)

CHLO-
RIDE
bIs-

SOLVED
(MG/L
AS CL)

ARSENIC
DIS~
SOLVED
(V671
AS AS)

FLUO=-
RIDEs
DISs-
SOLVED
(MG/L
AS F)

CADMIUM
TOTAL
RECOV-
ERABLE
(uG/L
AS CO)

SILICAs
DIS~-
SOLVED
(MG/L
AS
s102)

CADMIUM
018~
SOLVED
{us/L
as Ccv)

ND

SOLIDS,
SUM OF
CONSTI-
TUENTS,

0IS-
SOLVED
(MG/L)

CHRO~
MIUMy
TOTAL
RECOV-
ERABLE
(us/L
AS CR)

27

SOLIDS,
DIS-
SOLVED
(TONS
PER
AC-FT)

CHRO~
MIUM,
DIS~-
SOLVED
(UG/L
AS CR)

NITRO~-
GENs
NO2+NO3
TOTAL
{MG/L
AS N)

06

34

»21

o45

46
46

.11

COPPERS
TOTAL
RECOV~
ERABLE
(UG/L
AS Cu)

cm—

NITRO-
GEN»
AMMONIA
TOTAL
(MG/L
AS N)
+030
020
«030
030
010
« 0640
«020
«020
020

020
020

«020

COPPERS
01S~-
SOLVED
(UG/L
AS Cu)

PHDS-
PHORUS
ORTHO,
ToTAL
(MG/L
AS P)
<,010
<.010
010
<.010
<.0l0
<.010
<l.010
<.0l0
<.010

<.010
<,010

<.010

IRON»
ToTAL
RECOV~
ERABLE
(UG/L
AS FE)

260

<lo

90
130
90
70
130

110
290

80

ALUM=~
INUM»
TOTAL
RECOV=-
ERABLE
(UG/L
AS AL)

LEAD,
TOTAL
RECOV~-
ERABLE
(UG/L
AS PB)



TABLE 4.--Water-quality data for the downstream station in Loretta Creek
during May 1976 to May 1977--continued

MANGA= SERI-
NESE » MANGA- MERCURY NICKFL, ZINCs MENTy
LEAD, TOTAL NESE TOTAL TOTAL  NICKELs  TOTAL ZINCy SED}- pis~
DIS- RECOV~ DIS- RECOV-  KECOV-  DIS- RECOV~- DIS~ MENTY  CHARGE
SOLVED  ERABLE SOLVED  ERABLE ERABLE SOLVED  ERABLE SOLVED ﬁug- UG-
(UG7L (UG /L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/). PENRER PENRED
DATE AS PB) AS MN) AS MN) AS HG) AS NI) AS NI AS ZN) as IN) (MAZ4)  (T/70AYV)
MAY o 1976
18ese -- .- - -- -- .- -- -- ® 128
JUN
295 -~ -- - -- -- .- -- - ) o 03
JuL
30eae ND <10 <io <5 <50 NU ND NO FJ o0l
AUG
2Teee -- .- -- - -- -- -- -- 7 Y]
SEP
23e.. -~ .- .- -- -- - .- -- ) 1
ocT
28eae <2 20 <10 <5 <50 “ ND ND } W03
NOV
23e4. -- -- -- - - .- .- - 2 02
DEC
22e0e - b - - -- - - - } Qe
JAN » 1977
26400 2 - <10 .S - 3 -~ ND } J02
MAR
02ees - - .- -- .- -- -- .- ] 09
30eae -- -- -- - -- - -- -~ b W2}
MAY
02ess ND -- <10 <. - 2 -- 6 ) 04

28



TABLE 5.--Water-quality data in Wilkeson Creek during July 1976 to
May 1977 for Station A

TIME
DATE
JUL ¢+ 1976
22ese 1500
AUG
23¢ee 1700
SEP
30.ae 1600
NOV
02e0e 1530
DEC
07ene 1550
JAN v 1977
05ese 1530
FEB
0900 1500
MAR
09«.se 1630
APR
13¢0e 1545
MAY
1860 1630
ACIDITY
(MG/L
AS
DATE CACO3)
JUL » 1976
22000 .0
AUG
23e0s .0
SEP
30eee 10
NOV
02¢0. .0
DEC
07¢ee «0
JAN s 1977
0Se¢ee .0
FEB
0%¢es 5.0
MAR
09... 5.0
APR
13.a0 .0
MAY
18¢0s .0

STREAM-
FLOW,
INSTAN-
TANEOUS
(CFS)
11
17
11
32
36

17

54
111

CALCIUM
D1S-
SOLVED
(MG/L
AS CA)

6.6
6.9
5.5
4.4

Se?

12094497

SPE-

CIFIC

CON-

pucT- PH

ANCE

(UMHOS)  (UNITS)
70 746
59 7.8
68 7.8
58 7.0
57 7.6
65 7.4
61 7.8
63 Te4
50 --
37 7.6

MAGNE -

SIUMs SODIUMs
DIS~ DIS-
SOLVED SOLVED
IMG/L (MG/L
AS MG) AS NA)
2.8 7.4
2.2 3.2
2.3 3.6
1.9 3.1
2.0 3.0
1.9 2.9
2.1 3.2
1.7 2.7
1.2 2.2
1.2 246

- WILKESON CR AT SNELL LK RD AT WILKESONs WASH

WATER QUALITY DATA

TEMPER-
ATURE
(DEG C)
14,2
12.3
12,9

7.6

PERCENT
SODIUM
33

17

20

20

19

20

21

22

23

22

8ARO-
METRIC
PRES-
SURE
(MM
oF
HG)
737
738
733

745

T4a

741

741

T40

SoDIUM
AD-
SORP-
TION
RATIO

6
.2
«3
3

.2

«3

«3

*3

.3

29

TUR=-

BID-

ITy
WJTh

POTAS-
SIuMs
DIS-

SOLVED

(MG/L

AS K)

.8
6
.7
.6
3
b
b
o4
b

b

OXYGENSs
oIS~
SOLVED
(MG/L)

9.8
10.1
10.0
11.6
12.2
14,3
12,5
12.7
11.5
11.6

BICAR~-

BONATE

FET-FLD
(MG/L

AS

HCO3)

40

39

43

31

30

27

32

19

19

21

OXYGEN
DEMAND s
810~
CHEM=-
ICAL
5 DAY
(MG/L)

2.4
ol
o
b

1.9

.2

CAR~
BONATE
FET=-FLD
(MG/L
AS C03)

HARD-
NESS
(MG/L
aS
CACO3)
32
33
31
27
28
24
26
2l
16

19

ALKA=
LINITY
FIELD
(MG/L
AS
CACO3)
33
32
35
25
25
22
26
16
le
17

HARD=
NESS»
NONCAR-
BONATE
(MG/L
CcaCco3)

CARBON
DIOXIDE
DIS-
SOLVED
(MG/L
AS C02)

1.6

l.0

ACIDITY
(MG/L
AS H)

<ol

<.l

.2

SULF I0E
0IS-
SOLVED
(MG/L
AS S)



TABLE 5.--Water-quality data in \mkesgn Creek during July 1976 to
May 1977 for Station A--continued

SOLIDS»
CHLO- FLUO-  SILICAs SUM OF  SOLIDSs NITRO-  NITRO-  PHOS=- ALUM=
SULFATE  RIDEs RIDE s DIS-  CONSTI~- DIS- GEN, GENs  PHORUSs  INUMs»  ARSENIC CADMIUM
oIS~ vIS- OIS~ SOLVED TUENTS,  SOLVED NO2+NO3 AMMONIA  ORTHO, oIS~ Dls- DIS~
SOLVED  SOLVED  SOLVED  (MG/L DIS- (TONS TOTAL TOTAL TOTAL SOLVED  SOLVED  SOLVED
(MG/L (MG/L (MG /L as SOLVED PER (MG/L (MG/L (MG/L (UG/L (UB/L (UG/L
DATE  AS S04) AS CL)  AS F) s102) (MG/L)  AC=FT)  AS N) AS N) as P) AS AL)  AS AS)  AS CD)
JUL » 1976
224 6.0 8.1 -- -- -- .- .05 130 .010 -- -- -
AUG
23e0. 4.1 1.3 <.l 11 51 .07 .08 030 010 20 <1 ND
StEP
30ees 3.9 1.5 -- -- -- -- .04 +030 <. 010 - - --
NOV
024es 3.8 1.4 -- -- - -- .68 050 .010 - - --
DEC
0Teus 4.8 1.7 - - - - .43 .050 .010 - -- --
JAN & 1977
050 3.7 le6 .1 12 43 .06 .70 2020 L010 20 <1 ND
FEH
0940 5.1 1.6 -- -- - - .98 «030 .U10 -- - --
MAR
09¢es 4.9 1.8 -- -- - - 1.5 +050 L010 -- -- --
APR
13... 3.7 1.3 .1 10 33 .04 .48 .030 <.010 20 <1 ND
MAY
18ase 4.5 le4 -- -- - - .60 4040 W010 - -- -
SEDI-
CRRO- IRON, IRONs MANGA=- MERCURY MENT,
MIUMy»  COPPEKs  TOTAL  SERROUS  LEAD» NESE» TOTAL  NICKELs  ZINC SEDI- DIS-
DIS~ 0IS- RECOV-  UIS=- 0IS- DIS- RECOV-  DIS- oIS~ MENTs  CHARGE,
SOLVED  SOLVED  ERABLE  SOLVED SOLVED SOLVED ERABLE  SDLVED SOLVED  SUS= sus-
(ue/L (U6/L (UG/L (uB/L (UG/L (UG/L (UG/L (UG/L (UG/L PENDED  PENDED
DATE AS CR)  AS Cu)  AS FE) AS FE)  AS PB)  AS MN)  AS HG)  AS NI)  AS ZN)  (M6/L)  (T/DAY)
JUL s 1976
22444 - -- 210 - - - - -- -- 3 .09
AUG
2344 ) ND 250 -- 3 <10 <.5 ND ND 2 .09
sep
30... - - 270 -- -- -- - - -- 1 .03
NOV
0244s - - 300 -- - - - - - 3 .26
DEC
0700s -- - 440 - - - - - -- 7 .68
JAN » 1977
05.as NO ND 220 - ND <10 <.5 <2 <20 2 .09
FER
09¢ee -- - 230 - -- - - -- - 2 .08
MAR
0940 -- -- 720 - - -- - -- -- 14 -~
APR
13... NO ND 320 -- 2 <10 <5 ND ND 3 Y
MAY
1844, -- - 390 70 -- - -- -- - 9 2.7

30



TABLE 6.--Water-quality data in Wilkeson Creek during July 1976 to

May 1977 for Station B

470608122020501 - WILKESON CR AT MINEs, RIGHT BANK
WATER QUALITY DATA
BARO- OXYGEN
SPE- METRIC DEMAND »
CIFIC PRES~- 8I0~-
CON=- SURE TUR=- OXYGEN, CHEM=-
OUCT~ PH TEMPER~ (MM BID~- DIS- ICAL,
TIME ANCE ATURE oF 1Ty SOLVED S Day
DATE (UMHOS)  (UNITS) (DEG O HG) (JTY) (MG/L) (MG/L)
JUL » 1976
2lees 1630 65 7.8 13.3 738 0 10.1 2.0
AUG
23400 1500 68 7.8 12.1 737 1 10.3 1.8
SFP
30..0 1300 80 7.8 13,3 734 1 10.2 b
NOV
02eae 1200 61 7.0 Te6 745 1 11.8 6
DEC
07.es 1230 g1 Te7 4.8 739 2 12,3 1.3
JAN o+ 1977
0Seee 1300 68 7.3 o0 Ta4 1 l6,4 3
FEB
090 1300 72 7.8 4.6 743 1 12,5 .-
MAR
09,00 1300 49 Te4 3.8 734 4 12.4 b
APR
13.ee 1330 49 - 6.9 Tael 1 11.6 -
MAY
18¢0s 1300 47 7.6 7.6 740 2 11.6 -
MAGNE- SODIUM POTAS- BICAR-
CALCIUM SIUMs  SODIuUM, AD- STUM, BONATE
ACIDITY DIS~ DIS=- VIS=- SORP~- OIS~ FET=FLD
(MG/L SOLVED SOLVED SOLVED TION SOLVED (MG/L
AS (MG/L (MG /L (MG/L PERCENT RATIO (MG/L AS
DATE CaCOd) AS CA) AS MG) AS Na) SODIUM AS X) HCO3)
JUL » 1976
2lace .0 9.1 3.3 3.5 17 .3 6 47
AUG
23¢0e 5.0 8.2 2.5 3.3 19 «3 «5 32
SEP
3040e 15 9.7 3.2 3.8 ig 3 o7 48
NOV
02,00 5.0 7.6 2.1 3.1 19 3 6 33
DFC
074ee «0 7.0 2e3 3.0 19 o3 5 33
JAN » 1977
054as .0 6.3 2.2 2.9 20 3 4 31
FEB
09,040 5.0 d.¢ 2.6 3.4 19 -3 .5 34
MAR
09.4e 5.0 5.7 1.6 2.7 22 3 4 20
APR
13... v 4.7 1.6 242 2u .2 o4 24
MAY
18ese oV 5.5 1.3 2.2 20 2 3 20

31

HARD=-
NESS
(MG/L
AS
CACO3)
36
31
37
28
27
25
31
21
18

19

CAR-
BONATE
FET-FLD
(MG/L
AS CO3)

HARD-
NESS»
NONCAR~
BONATE
(MG/L
CACO3)

ALKA-
LINITY
FIELD
(MG/L
AS

CaCn3y

39

26

39

27

27

25

28

16

20

16

ACIDITY
(MG/L
AS H)

<.1
el
3
.l
<.l
<.l

o1

CARBON
DIOXIDE
DIS-
SOLVED
(MG/L
AS CD2)

l.2

.8



TABLE 6.-~Water-quality data in Wilkeson Creek during July 1976 to
May 1977 for Station B--continued

S0LIDS»
CHLO- FLuo~ SILICAs SUM OF
SULFATE RIDE RIDE, DIS- CONSTI~=
oIS~ pIS- 0IS~ SOLVED TUENTS»
SOLVED SOLVED SOLVED (MG/L pIS-
(MG/L (MG/L (MG/L AS SOLVEU
DATE AS SO04) AS CL) AS F) s1o02) (MG/L)
JUL » 1976
2leee 6ol 1.2 -- -- -
AUG
2300 5.2 1.3 <.l 11 48
SEP
30ees 4.8 1.0 -- - -
NOV
0240 4e5 le4 - - -
DEC
07cae 2.9 1.7 -- - --
JAN o 1977
05400 3.3 1.5 <.l 12 44
FER
09400 59 le7 - - -
MAR
09440 6.7 l.6 -- - -
APR
1340 2.6 1.3 <.l 10 35
MAY
18¢ss 4ol let -- -—- --
CHRO= IRON,
CADMIUM MIUMy COPPERS TOTAL L
oIS~ OIS~ p1sS~ RECOV-
SOLVED SOLVEL SOLVED ERABLE S
{UG/L (uGrsL (UG/L (UG/L {
DATE AS CO) AS CR) AS CU) AS FE) A
JUL s 1976
2lees - -- -- 230
AUG
23e0e ND ND ND 220
SEP
30eee -- - ol 270
NOV
02ese - -- - 290
DEC
07ces - - - 560
JAN » 1977
05e0e ND ND ND 220
FEB
09 - - atd --
MAR
0%ee - - - 850
APR
13000 ND ND ND 320
MAY
18eee .- -- - 530

SOLIDS, NITRO- NITRO=~ PHOS- ALUM-
0IS- GEN, GEN» PHORUS » INUM, ARSENIC
SOLVED NOZ2+NO3 AMMONIA ORTHO» DIS- DIS~
(TONS TOTAL TOTAL TOoTAL SOLVED SOLVED
PER (MG/L (MG/L (MG/L (Uo/L (UG/L
AC~FT) AS N) AS N) AS P) AS AL) AS AS)
- 04 o040 «010 -- --
«07 «07 «020 +010 20 <1
- 204 «020 <.010 - -
- «71 « 050 «010 - -
- +38 .080 «010 == --
Vb 71 020 «010 20 <1
hd .38 +030 «010 - --
b 1.5 «040 «010 ~- -
«05 047 «030 «010 20 <1
-- 60 «040 «010 - --
MANGA= MERCURY
EAD» NESE s TOTAL NICKEL» ZINCy SEDI-
DIS~ DISs- RECOV- DIS- DIsS- MENT
OLVED SOLVED ERABLE SOLVED SOLVED SUS-
uG/L (UG/L (UG/L (U6/L (U6/L PENDED
S PB) AS MN) AS HG) AS NI AS ZN) (MG/L)
- - - - - 1
<2 <10 <e5 ND ND 1
- - - -~ - 1
- - - - - 2
- - - - - 6
ND <10 <e5 3 ND “
- - - - - 2
- - - . - 13
2 <10 <.5 ND ND 1
- - - - -w 11

32



TABLE 7.--Water-quality data in Wilkeson Creek during July
May 1977 for Station C

«70608122020502 - WILKESON CR AT MINEs LEFT BANK
WATER QUALITY DATA
BARO- OXYGEN
SPE- METRIC DEMAND,
CIFIC PRES- BIO- HARD-
CON= SURE TUR- OXYGENS CHEM= NESS
DUCT- PH TEMPER~- (MM 310~ DIS- ICAL (MG/LL
TIMt ANCE ATURE OF Ty SOLVED S DAY AS
CATE (UMHOS) (UNITS) (DEG C) HG) (JTY) (MG/L) (MG/L) CACO3)
JUL » 1976
2leee 1700 333 7.2 lo.2 730 4 8.9 .9 140
AUG
2340 1200 307 7.2 10.1 7317 1 8.9 l.4 120
SEP
30eee 1200 322 7.2 10.1 735 4 9.0 2 130
NOV
02400 1100 162 6,8 B.7 746 1 11.0 o4 67
DEC
07¢ee 1100 100 Te4 5.3 739 2 11.3 2.7 46
JAN » 1977
0540, 1145 210 7.3 4.2 T44 1 10,7 o7 82
FEB
090 1200 250 Tet 7.6 743 2 9.9 - 110
MAR
09,40 1300 46 7.5 3.8 734 4 12.4 -- 20
APR
13... 1100 58 -- 6.9 741 1 11.7 -- 21
MAY
1840 1230 47 7.6 Tt 740 2 1l.6 -- 19
MAGNE - SOD1UM POTAS- BRICAR-
CALCIUM SIuMs  SODIUM. AL- STUM, BONATE CAR-
ACIOITY oIS~ vis- DIs- SORP- 0IS- FET-FLD BONATE
(MG/L SOLVED SOLVED SOLVED TION SOLVED (MG/L FET-FLD
AS (MG/L (MG/L (MG/L PERCENT RATIO (MG/L AS (MG/L
DATE CACO3) AS Ca) AS MG) AS NA) SOD1UM AS K) HCO3) AS C03)
JUL + 1976
2lese 15 31 14 18 22 .7 l.1 185 0
AUG
23400 20 27 13 19 25 -8 1.1 169 0
SEP
30.es 45 29 14 20 25 8 1.2 184 0
NOV
02ses 10 16 6.6 10 - -] .8 76 --
DEC
07¢as 5.0 11 4.4 7.1 25 5 o7 73 --
JAN + 1977
05.0e 10 19 8.5 14 27 o7 .8 127 0
FEB
09,00 20 24 11 17 26 o7 .9 148 0
MAR
09,444 540 5.2 1.7 2.8 23 o3 o4 21 0
APR
13... 5.0 5.9 1.6 2.8 22 3 o4 27 -
MAY
18,0 .0 Se5 1.3 2.8 24 3 s 22 [

33

1976 to

HARD-
NESSe
NONCAR -
BONATE
(MG/L
CACO3)

ALKA=-
LINITY
FIELD
(MG/L

CACOD

152
139
151
62
60
104
121
17
22

18

ACIDITY
(MG/L
AS H)

3
o4
.9

.2

CARBON
DIOXIDE
DIS-
SOLVED
(MG/L
AS C02)
19
17
19
19

4.6



TABLE 7.--Water-quality data in Wilkeson Creek during July 1976 to

May 1977 for Station C--continued

SULIDS»
CHLO- FLUO- SILICAs SuUM OF  SOLIDSs NITRO-  NITRO-  PHOS- ALUM=
SULFATE  RIDE, RIDE, vIs- CONSTI- DIS~ GEN, GENs PHORUS» INUMS ARSENIC
0IS- D1S- 01s- SOLVED TUENTS, SOLVED NO2¢NO3 AMMONIA  ORTHOs DIS- DIS~-
SOLVED  SOLVED  SOLVED (M53/L pIS~ (TONS TOTAL TOTAL TOTAL SOLVED  SOLVED
(MG/L (MG/L (MG/L AS SOLVED PER (MG/L (MG/L (MG/L (UG/L (UG/L
DATE  AS S04) AS CL) AS F) $102) (MG/L) AC-FT) AS N) AS N) AS P) AS AL) AS AS)
JUL » 1976
2laee 33 1.8 -- - -~ - «01 2140 010 -~ --
AUG
23eee 24 1.6 ol 19 189 26 «03 +100 «010 10 1
SEP
30000 22 1.9 - - - -- <.l0 120 «010 -- --
NOV
02¢ee 11 let - - - - «56 110 «010 - -
DEC
07ees 59 1.6 -- -- - - 32 .060 <010 - --
JAN o 1977
0Seee 11 1.7 o1 18 130 19 .43 «090 010 <100 <1
FER
0940 15 1.9 -- -- - - .18 «120 +010 -- -
MAR
0900 4.8 1.8 - - - - 1.5 .200 .010 -- --
APR
13400 3¢5 1.3 <ol 11 L) 05 46 040 <.010 20 <l
MAY
18¢es 2.2 1.3 -- - -- - «60 2040 010 -~ --
CHRO- IKON, MANGA=- MERCURY
CAUMIUM  MIUM, COPPER» ToTAL LEAD» NESE » T0TaAL NICKELs ZINC» SEDI-
DIs- DIS=~ DIS- RECOV=- DIs- IS~ RECOV-  DIS- DIS- MENT,
SOLVED  SOLVED  SOLVEDL  ERABLE SOLVED  SOLVED  ERABLE SOLVED  SOLVED  SUS-
(UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L (U6/L (UG/L PENDED
DATE AS CD) AS CR) AS Cu) AS FE) AS PB) AS MN) AS HG) AS ND) AS ZN) {MG/L)
JUL » 1976
2less -- -- -- 1800 -- - - -- - 4
AUG
23e4s ND ND ND 1500 F 270 <,5 ND ND 2
SEP
3060 -- -- -- 1600 - - -- -- - 2
NOV
02e0s - -- - 640 - -- - == == 4
veEC
07¢ee -- - -- 840 - -- -- -- - 6
JAN » 1977
05e0ae ND ND ND 1100 <2 140 <e5 <2 <20 4
FEB
0940 -- -- -- 1100 - - - -- - 3
MAR
09¢es -- - - 700 - == == -- -- 13
APR
13¢ee NO ND ND 340 2 20 <5 ND ND 2
MAY
1860 - - -- 410 -- - - -- - 8

34



TABLE 8.--Water-quality data in Wilkeson Cre

TIME
DATE
JUuL » 1976
2less 1130
AUG
23ees 0850
SEP
30e.e 0830
NOV
024es 0830
DEC
[ 0900
JAN » 1977
05«ee 0830
FEB
09ese 0900
MAR
09600 0830
APR
130 0815
MAY
18c¢0n 0830
ACIDITY
(MG/L
AS
DATE CACO3)
JUL s 1976
2less .0
AUG
230 5.0
SEP
300 15
NOV
02eee 5.0
DEC
07eee .0
JAN o 1977
05eee 5.0
Fes
09e¢ee 10
MAR
09« 540
APR
13000 5.0
MAY
18400 o0

May 1977 for Station D

STREAM=
FLOWS
INSTAN-
TANEOQUS
(CFS)
12
18
12
39
37
19

14

109

CALCIuM
PR
SOLVED
(MG/L
AS CA)

12094499
SPE-
CIFIC
CON~-
pucT- PH
ANCE
(UMHOS)  (UNITS)
137 1.8
103 7.9
123 7.8
76 7.0
82 1.5
82 7.3
99 7.7
73 7.5
52 --
57 o4
MAGNE =
SIUMs  SODIUM»
0IS-  DIS-
SOLVED SOLVED
(MG/L  (MG/L
AS MG)  AS NA)
5.6 640
440 5.1
4.5 6ol
2.9 4.0
2.9 3.9
3.3 4.6
4.1 Ses
1.9 3.0
2.0 2.9
1.6 2.9

ek during July 1976 to

- WILKESON CR NR SCHOOLHOUSE AT WILKESONs WASH

WATER QUALITY DATA

TEMPER~
ATURE
(DEG C)
12.6
11.1
12.1

PERCENT
SODIUM
18

19

20

20

20

22

2l

22

22

24

BARO-
METRIC
PRES~
SURE
(MM
oF
HG)
144
738
736
746
741
744
744
733
741

741

SODIUM
AD-
SORP-
TION
RATIO

.3
o3

.3
.3

.3

o3

35

TUR=-

81D~

1Ty
(JTU)

POTAS~
SIUM,
01s~

SOLVED

(MG/L

AS K)

o7
6
8
+6
.6
5
-]
ol
4

ol

OXYGEN,
0Is-
SOLVED
(MG/L)
10.1

10.4

B8ICAR-

BONATE

FET-FLO
(MG/L

AS

HCO3)

71

59

68

43

47

44

53

24

30

25

OXYGEN
DEMAND
810~
CHEM-
ICAL»
5 DAY
{MG/L)

1.1
2.0
3
oo
1.9

.3

CAR-
RONATE
FET=FLD
(MG/L
AS C03)

HARD=
NESS
{MG/L
AS
CACO3)
58
46
51
34
34
35
44
23
22

20

ALKA=
LINITY
FIELD
(MG/L
AS

Ccacod)

o8

48

56

35

39

36

43

20

25

21

HARD-
NESSs
NONCAR~
BONATE
{MG/L
CaCOo3)

CARBON
OIOXIDE
DIS-
SOLVED
{MG/L
AS C02)

ACIDITY
(MG/L
AS H)

<.l
o1
3
.1
<.l
ol
.2
.l
.l

<ol

SULFIDE
DIS~
SOLVED
(MG/L
AS S)



TABLE 8.--Water-quality data in Wilkeson Creek durin

May 1977 for Station D--continued

g July 1976 to

SOLIDS,
CHLO- FLUO~ SILICAs SuM OF SOLIDS, NITRO- NITRO~- PHOS~ ALUM-
SULFATE RIDES RIDE» pIS~- CONSTI~ Dis- GENs GENs PHORUS» INUMs ARSENIC CADMIUM
DIS- VIS~ Dis- SOLVED TUENTS, SOLVED NO2+¢NO3 AMMONIA ORTHO, pisS- DIS~ DIs-
SOLVED SOLVED SOLVED (MG/L D1S~- {TONS TOTAL ToTaL TOTAL SOLVED SOLVED SOLVED
(MG/ L (MG/L. (MG/L AS SOLVED PER (MG/L (MG/L (MG/L (U6/L (u6/L (UG/L
DATE AS S04) AS CL) AS F) S102) (MG/L) AC-FT) AS N) AS N) AS P} AS AL) AS AS) AS CD)
JUL v 1976
2lese 11 2.2 - - - - «05 «040 010 - - -
AUG
23eae 7.3 1.5 ol 12 72 W10 07 050 010 10 1 ND
SEP
30eae Tel 1.6 - - - - +04 030 <,010 - - -
NOV
U2ees 4.9 1.5 - - - -- W71 +080 .010 -- - -
DEC
07ees 4,1 le6 - - - - «33 «040 «010 - - -
JAN » 1977
05eee “o9 l.6 <al 13 58 .08 -1 «030 .010 20 1 ND
Fts
09cee Te4 la7 - - - - 47 «040 010 - - -
MAR
09¢ee 5.4 1.9 - - - == 1.4 <070 010 - - -
APR
13ace 3.5 1.3 <1 11 42 .06 46 « 040 010 30 <1 ND
MAY
18.40e 2,6 2.1 - - - -~ «59 «040 WUl0 - - -
SEDI~
CHRO~- IRON, IRON MANGA- MERCURY MENT»
MIUMy COPPERY TOoTAL FERROUS LEAD» NESE » TOTAL NICKEL 2ZINCy SEDI-~ DIS-
DIS- DIS- RECOV~ DIs~- DIS- Dis~ RECOV- DIS- DIS~ MENT CHARGE s
SOLVED SOLVED ERABLE SOLVED SOLVED SOLVED ERABLE SDLVED SOLVED SUS= SUS~-
(UG/L (UG/L (UG/L (Us/L (UGsL (uG/L (UG/L (UG/L (UG/L PENDED PENDED
DATE AS CR) as Cu) AS FE) AS FE) AS PB) AS MN) AS HG) AS NI AS ZN) (MG/L) (T/DAY)
JUL « 1975
2lese - - 350 - - - - - -- 2 07
AUG
23eae NO ND 340 - 3 30 <.5 ND ND 3 .15
SEP
3040 - - 440 - - - - - - 1 «03
NOV
02eee -- - 360 - - - - -~ - 3 .32
DEC
07cee - - 730 - - - - - - 8 «80
JAN » 1977
0S5e¢0e NUL <2 320 -~ 2 30 <5 <2 20 4 21
FER
09..0 - -- 280 - - - - - - e .08
MAR
090 - -- 770 -- - - - - - 16 47
APR
13... NU NO 360 - NO <10 <e5 ND ND 4 59
MAY
168ece - - 500 70 - = - - - 9 2.9

36



TABLE 9.--Water-quality data for the Skookum area for Portal #1
during July 1976 to June 1977

4700607122020301 -

SKOOKUM SLOPE PORTAL # 1

WATER QUALITY DATA
8
SPE- M
STREAM= CIFIC P
FLOWSs CON-
INSTAN- pucT- PH TEMPER~-
TIME TANEOUS ANCE ATURE
OATE (CFS) (UMHOS)  (UNITS) (DEG C)
JuL s 1976
2lees 1300 03 83 7.2 il.6
NOV
02¢ee 1700 «02 350 7.1 -
MAR + 1977
10eae 1000 - - 7.5 11.4
MAY
18ese 1530 -- 970 T.4 12.0
JUN
20ees 1300 -~ 950 T4 1.8
MAGNE~
CALCIUM SIUMs  SODIUM,
ACIOITY OIS~ oIS~ DIs~
ACIDITY (MG/L SOLVED SOLVED SOLVEDL
(MG/L AS (MG/L (MG/L (MG/L
DATE AS H) CACO3) AS CA) AS MG) AS NA)
JUL » 1976
2less 1.0 50 100 48 59
NOV
02e0e - - - - -
MAR 9 1977
10ees - - - - -~
MAY
18e0e - - - - -
JUN
20ees - - - - -
ALKA~ CARBON
CAR~ LINITY DIOXIDE SULFIDE SULFATE
BONATE FItLD OIS~ DIS~ DIS~
FET-FLD (MG/L SOLVED SOLVED SOLVED
(MG/L AS (MG/L (MG/L (MG/L
DATE AS CO3) CACO03) AS Co02) AS S) AS S04)
JUL » 1976
2lese [ 479 59 - 120
NOV
02eee -- - - - -
MAR 4 1977
1040 -~ - =~ 11 -
vMAY
18e0e - - - 15 -~
JUN
2000 - - - - -

37

ARO=
ETRIC
RES~

SURE

(MM

OoF

HG) (

738
750
740

739

PERCENT
SODIUM

22

CHLO-
RIDE,
DIS~
SOLVED
(MG/L
AS CL}

TUR=~
81D~
7Y S
JTU) (

ox

SODIUM
AD-
SORP~
TION
RATIO

IRONY
TOTAL
RECOV~
ERABLE
(UG/L
AS FE)

30

HARD=-
HARD~ NESS»
YGEN» NESS NONCAR~-
DIS- (MG/L HDNATE
OLVED as (MG/L
MG/L) cacod) CACO3}
.0 450 0
o0 —-- -
«0 - -
.0 - -
POTAS~ BICAR-
STUMs BONATE
DIS~- FET=FLD
SOLVED (MG/L
(MG/L AS
AS K) HCO03)
2.2 584
IRON,
FERROUS SEDI-
DIS- MENT »
SOLVED Sus~
(UG/L PENDED
AS FE) (MG/L)
- 2]
160 €0
10 -



TABLE 10.--Water-quality data for the Skookum area for Portal #2

during July 1976 to June 1977

TIME
DATE
JUL » 1976
2leee 1330
DEC
07ees 1200
MAR ¢ 1977
10... 1000
MAY
18¢0e 1530
JUN
2000 1230
ACIOITY
(MG/L
DATE AS H)
JUL » 1976
2lese 6
DEC
07cee --
MAR » 1977
10.. -
MAY
18¢. --
JUN
20eee --
ALKA=
LINITY
FIELD
(MG/L
AS
OATE CacCo3)
JUL » 1976
2lees 167
DEC
07eas --
MAR » 1977
10e0e --
MAY
18¢ee -
JUN
20ees -

470607122020302 - SKOOKUM AREA MINE PORTAL # 2

STREAM-
FLOW»
INSTAN-
TANEOUS
(CFS)

87

ACIDITY
(MG/L
AS
CaCod)

30

CARBUN
LIoXIvt
0IS-
SOLVED
(MG /L
AS Co02)

33

SPE-
CIFIC
CON-
DuCT-
ANCE
(UMHOS )

357

400

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)

34

SULF J0E
DIS-
SOLVED
(MG/L
AS S)

WATER QUALITY DATA

PH

(UNITS)

MAGNE -
SIUM,
pIS-

SOLVED
(MG/L

AS MG)

SULFATE
DIS-
SOLVED
(MG/L
AS S04)

33

38

TEMPER-
ATURE
(DEG €)

SODIuM,
DIS-
SOLVED
(MG/L
AS NA)

20

CHLO-
RIDE»
DIS-
SOLVED
(MG/L
AS CL)

BARO~
METRIC
PRES-
SURE
(MM
OF
HG)

738
739
750

741

739

PERCENT
SODIum

ee

NITRO-
GEN»
NO2+NO3
TOTAL
(MG/L
AS N)

.01

TUR=-

BID-

ITY
(JTU)

SODIUM
AD-
SORP-
TION
RATIO

o7

NITRO-
GEN»
AMMONI A
TOTAL
(MG/L
AS N}

.180

OXYGEN,
DIS-

SOLVED

(MG/L)

POTAS-
STUM,
0IS-

SDLVED

(MG/L

AS K}

PHOS-
PHORUS s
ORTHO»
TOTAL
(MG/L
AS P)

«020

HARD-
NESS
(MG/L
AS
cacod

BICAR-
BONATE
FET-FLD
{MG67L
AS
HCO3)

204

IRONY
TOTAL
RECOV=-
ERABLE
(UG/L
AS FE)

2400

HARD-
NESS»
NONCAR-
BONATE
(MG/L
CACO3)

CAR-

BONATE
FET-FLD

(MG/L
AS CO3)

TRONS
FERROUS
DIS-
SOLVED
(ue/L
AS FE)

1400

1500



TABLE 11.--Water-quality data for the Skookum area for Portal #3

and Portal #7 during July to December 1976

470607122020303 - SKOOKUM AREA MINE PORTAL # 3

WATER QUALITY DATA

BARO~
SPE- METRIC
STREAM= CIFIC PRES-
FLOW, CON- SURE
INSTAN- oucT~ PH TEMPER~ (MM ACIDITY
TIME TANEOQUS ANCE ATUKE OoF (MG/L
DATE (CFS) (UMHOS) (UNITS) (DEG C) HG) AS H)
JUL » 1976
2leee leoo b2 ELTY 7.0 9.8 738 -
BICAR= ALKA= CARRBON
BONATE CAR~ LINITY DIOXIDE SULFATE
ACIDITY FET-FLO BONATE FIELD DIS~ DIS-
(MG/L (MG/L FET-FLD (MG/L SOLVED SOLVED
AS MG/ AS (MG/L (MG/L
DATE CACO3) HCO3) AS Co3) CACO03}) AS C02) AS S04)
JUL ¢ 1976
2laese 25 216 0 177 35 39

470607122020307 - SKOOKUM AREA SAMPLE POINT » 7

DATE

JUL
22ass

DEC
0744,

WATER QUALITY DATA

BARO-
METRIC
PRES~
SURE
(MM
OF
G}

TIME

1976

1700 737

1200

39

OXYGEN,
oIS~

SOLVED

(MG/L)

1.9

4.2



TABLE 12.--Water-quality data for
no. 8 during July 1976

TIME
DATE
JUL » 1976
22400 1700
AUG
23ess 1350
SEP
3060 1115
NOV
02eee 1130
DEC
0700 1130
JAN » 1977
0Sees 1200
FER
0S.es 1130
MAR
094, 1330
APR
1340 1130
MAY
18eas 1300
ACIOITY
(MG/L
AS
DATE CACO3)
JUL » 1976
22a0s -
AUG
23.0e 25
SEP
30... 50
NOV
0200 25
DEC
07e0e 20
JAN » 1977
05¢ee 20
FEg
0900 30
MAR
09%ces 30
APR
13..‘ 35
MAY
1840 30

STREAM-
FLOW,
INSTAN-
TANEOUS
(CFS)

CALCTUM
DIS-
SOLVED
(MG/L
AS CA)

35
33
34
33
33
35
3¢
32
35

SPE-
CIFIC
CON=
bucr-
ANCE
(UMHOS)

390
378
360
3s¢
380
366
372
345

383

MAGNE -
SIUMs
DiIs~
SOLVED
(MG/L
AS MG)

P

(UNITS)

6.8
Te2

7.2

SODIUM»
oIS~
SOLVED
(MG/L
AS NA)

24
24

az

28
ar
28
28
30

the Skookum area for s
to May 1977

WATER QUALITY DATA

TEMPER=-
ATURE
(DEG C)

9.9

PERCENT
SO0IUM

25
25
23
27
28
27
29
29
29

BARO-
METRIC
PRES-
SURE
(MM
oF
HG)
7317
737
735
T45
739
T44
743
734
741

740

SODIUM
AD-
SORP=
TION
RATIO

40

TUR-

810~

1Ty
(JTU)

POTAS~
SIuM,
DIS~

SOLVED

(MG/1

AS K)

470607122020308 ~ SKOOKUM AREA SAMPLE POINT # 8

OXYGEN-«
OIS~

SOLVED

(MG/L)

BICAR-
BONATE
FET-FLD
(MG/L
AS
HCON

215
216

212

234

220

234
230

OXYGEN
DEMAND ¢
810~
CHEM=
ICAL»
S Day
(MG/L)

CAR=-

BONATE
FET-FLD
(MG/L
AS CO03)

HARD=
NESS
(MG/L
AS
CACO3)

160
150
160
150
150
160
150
15¢

lo0

ALKA=-
LINITY
FIELD
(MG/L
AS
CACO3)

220
177

174

192
180

191
190

150

ample point

~ARD~-
NESS
NONCAR=
BONATE
(MG/L
CACO3)

CARBON

DIOXIDE
DIS~

SOLVED
(MG/L

AS CO02)

22
22
56
23
24
22

24

29

ACIDITY
(MG/L
AS H)

13
X3

.6

SULF IDE
DIs-
SOLVED
(MG/L
AS S)



TABLE 12.--water-qua!1ty data for the Skookum area for sample point
no. 8 during July 1976 to May 1977--continued

SULFATE
oIS~
SOLVED
{MG/L
DATE AS 50410
JUL » 1976
22000 -
AUG
23.e. 30
SFP
30.4e 26
NOV
02eea 21
DEC
07¢ae ee
JAN ¢+ 1977
05600 20
FER
09,00 22
MAR
09,40 le
APR
13.0e 21
MAY
18¢e0 21
CaDMIUM
0Is~-
SOLVED
(uG/L
DATE AS CO)
JUL » 1976
2240, -
AUG
2340 NO
SEP
30ess -
NOV
02eee -~
DEC
07... -
JAN s 1977
0540 NU
FEB
099 -=
MAR
09ees -=
APR
13... NY
MAY
18600 -

CHLO-
RIDE,
OIS~
SOLVED
(MG/L
4S CL)

CHRO~
MIUMy
DIS~-
SOLVED
(UG/L
AS CR)

FLuo-
RIVE,
b1S~
SOLVED
{(MG/L
AS F)

COPPERS
D1s-
SOLVED
u6ersL
AS Cu)

SILICA«
DIS~
SOLVED
(MG /L

aS
S102)

IRONY
ToTAL
RECOV~-
ERABLF
U/
AS FE)

2000
1900
1700
1700
1900
2000
1800
1800

1700

SOLIDY
SuM OF
CONSTI~
TUENTS»
01S-
SOLVED
(MG/L)

IRON»
FERROUS
DIS~
SOLVED
(UG/L
AS Fr)

41

SOLIDS
D1s-
SOLVED
(TONS
PER
AC-FT)

.32
-

-

LEAD»
oIS~
SOLVED
(uG/L
AS PB)

-

NU

NITRO-
GEN)»

NOZ+ND3
TOTAL

MG/

AS N}

«01
<.10
.08

#03

+08
.02

01

MANGA-
NESE,
OIS~
SOLVEO
(UG/L
AS MN)

NITRO-
GEN»

AMMONTA
TOTAL

(MG/L

AS NJ

.210
«l60
«180
«190
.180
190
.210
.180

<190

MERCURY
TOTAL
RECOV-
ERABLE
(UG/L
AS HG)

PHOS~
PHORUS »
ORTHG
TOTAL

(MG/L

AS P)

010
<4010
<010
<.010
<.,010
2010
.010
<020

010

NICKEL
DIS-
SOLVED
(UG/L
AS NI

ALUM~
INUM,
DIS-
SOLVED
(Us/L
AS AL)

ZINC,
DIS-
SOLVED
(UG/L
AS 2Ny

ARSENIC
OIS~
SOLVED
(UG/L
AS AS)

SEDI~
MENT »
SUS~-
PENDED
(MG/L)
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TABLE 15.--Taxonomic identifications and counts of benthic invertebrates in Wilkeson Creek during August 1976 to April 1977

YEAR 1976
DATE AUGUST 23 SEPTEMBER 30 NOVEMBER 2
STATION A B c D A B c D A B c
REPLICATE 1 1 1 1 1 2 1 2 1 2 1 2 1 1 1 1

Phylum Arthropoda
Class Insecta
Order Ephemeroptera

Family Ephemerellidae B
Ephemerella sp. 38 54 39 19 2385 175 72 140 93 42 23 3 131 95 213 9
Family Leptophlebiidae
Paraleptophlebia sp. | 8 15 10 56 33 4 20 43 21 20 3 46 97 23
Family Heptageniidae
Iron sp. a3 23 117 145 35 114 62 a3 169 176 37 182 33 65
Ironodes sp. 4 2 17 3 11 10 6 6
Ironogsis sp.
Rhithrogena sp. 30 33 38 219 194 165 157 118 169 101 83 34 73
Cinygmula sp. 387 764 2 115 1437 1632 683 880 3 654 398 1263 2048 716 342

Cinygma sp.
Fami %y Baetidae
Baetis sp. 1823 1473 63 1732 4065 4872 1580 2523 18 3734 2729 2713 2195 1668 1808

Family Siphlonuridae
Ameletus sp. 1 9 13 8 3 2 1 7 9

Order Plecoptera
Family Nemouridae

Taenionema sp. 38 49 27 138 110 53 88 185 160 487 425 425 353
Nemoura sp. 449 557 418 167 273 401 63 320 321 111 345 132 109 75 231 72
Capnia complex sps. 3 15 393 1 44 120 6 61 551 245 34 6 104 23 102 19
Leuctra sp. 2 1 1 2

Family Peltoperlidae

Peltoperla sp.

Family Pteronarcella

Pteronarcella sp.

Family Perlidae

Calineuria californica 1 1 1
Hesperoperla pacifica 32 22 9 16
Family Perlodidae 18 13 18 2
Arcynopterix sp. 3 1 3 4 8 11 19 15
Isogenus sp. 8 1 2 . . .

Isoperla sp.

Fami iy Chloroperlidae

Hastaperla sp. 16 13 12 2 7 11 4 3 60 39 21 15 5 44 7
Paraperla sp. 1

Order Trichoptera

Family Hydropsychidae
Hydropsyche sp. 1352 481 67 203 461 232 102 4 2 258 257 39 37 102 26
Arctopsyche sp. 49 5 4 5 5 88 3 2

Family Rhyacophilidae

Rhyacophila sp. 707 117 58 163 299 368 31 79 28 224 59 167 45 75 33
Family Glossosomatidae

Glossosoma sp. 86 29 163 88 59 3 1 3 6 75 59 7 5
Family Brachycentridae

Micrasema sp. 2 2 2 1 1 1 1 1 13 1
Family Lepidostomatidae

Lepidostoma sp. 1 1 1 1
Family Limnephilidae 1 1
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DECEMBER 6 FEBRUARY 9 MARCH 9 APRIL 13
B c B c D A B c A B c D
1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 1 1 1 2 1 1 1 1
371 189 192 256 132 207 34 64 231 27 188 162 130 24 78 71 123 34 293 48 56 177 272 227 158
56 45 17 40 83 121 27 17 26 1 21 12 4 14 9 16 1 37 30 9 14 51 12 19
77 2% 41 39 9 9 3% 35 24 12 21 43 3 20 23 93 117 88 38 16 18 87 297 146
31 28 25 6 25 27 7 7 2 2 20 15 4 5 1
3 1 1
37 65 54 47 2 3 71 75 19 21 13 25 8 2 42 22 7 72 20 4 1 16
2539 2884; 1638 2053 41 114 907 1274 1077 1345 1645 817 122 18 840 954 523 8 1075 415 298 419 503 718 494
1235 2368 1635 1071 171 235 1832 2604 3618 1800 2496 2824 336 193 2521 2696 584 138 978 93 280 918 905 500 873
711 2 13 4 14 32 9 8 1 2 2 2 2 1 11 15 5 4 9 3
126 684 376 330 100 153 434 598 291 175 147 213 133 65 366 183 62 12 93 2 30 9 12 8 11
155 278 139 154 274 298 123 161 63 § 8 8 173 165 63 63 20 8 110 23 2 5 61 14 36
234 305 154 259 156 235 107 128 51 9 29 10 19 15 37 60 4 17 6 3
8 2 1 1 2 1 1 2 3 1 2 5 3 3 2 3 2
1 1
1 2
2 3 4 5 1 2 3 2 2 5 1 2 1 4 1 7 1 3 1 1
20 3 3 3 2 2 2 2 2 1 1 1 1 5 8 4 2 4
38 7 6 13 35 IS VAR ¥ 7 4 10 8 23 15 6 4 30 37 11
2 4 12 1 2 1 3 1 1 1 1 1
22 17 3 16 5 6
23 19 23 1 4 12 13 24 1 20 6 1 17 2 2 4 1 4 1 2
31 47 18 34 3 6 16 12 21 32 3 19 9 17 g 17 2 3% 12 9 9 33 2 47
20 32 15 15 3 10 15 20 22 5 22 11 8 5 11 7 36 10 16 1 17 50 51 58 12
2 1 1 1 1 1 2
79 227 98 67 67 52 70 103 166 43 64 112 37 4 8 78 71 25 63 13 49 106 8 51 30
41 61 22 44 3 2 6 119 6 13 49 2 3 3 3 8 41 15 10 13 25 43 44 97
4 7 6 L 5 4 4 323 5 8 7 4 3 2 4 1 3 1 3 2 4 1
’ 1 6 7 1 2 1 16 4 2 4
2 U 3 5 5 38 4 9 41 38 23 32 50 8 10 5 7 110 26 20 723 359 32
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TABLE 15.--Taxonomic identifications and counts of benthic invertebrates in Wilkeson Creek
during August 1976 to April 1977--Continued

YEAR 1976

DATE AUGUST 23 SEPTEMBER 30
STATION A B c B o D
REPLICATE 1 1 1 1 1 2 1 2 1 2 1 2 1

NOVEMBER 2
B [
1 1

Order Diptera
Family Blepharoceridae 1 6 1 1
Family Tipulidae
Hexatoma sp. 2 1 1 1
Ormosia sp.
Dicramota sp. 3 1 3 1 7 9
Pedicia sp. 3 1
Family Tabernidae
Family Stratiomydae
Family Psychodidae
Pericoma sp. 1 2 2 2
Psychoda sp. 2
Maruina sp. 1 1 1
Family Ceratopogonidae 2 2 2
Family Chironomidae 2636 3277 2503 3191 2476 50B1 520 2478 4617 3259 4242 1303 3669
Tribe Tanytarsini 32 220 78 19 2 29 15 2 15 18 5
Family Simuliidae 2070 837 85 3735 459 1278 149 309 42 17 658 1050 235
Family Dixidae
Dixa sp. 2 2 1
Family Liriopeidae
Bittacomorpha sp. 1
Family Empididae
Hemerodromia sp. 1 1 2 1 1
Chelifera sp. 4 8 8 4 10 12 4 26 10 36 28 5

F

Order Collembola
Family Poduridae 1 1
Family Sminthuridae

Order Coleoptera
family Haliplidae
Family Elmidae 23 4 3 1 12 10 2 3 3 6 4 6
Family Helodidae
Family Dysticidae 1 1 1

Class Arachnoidea

Subclass Arachnida

Order Acarina
Family Atractideidae 87
Family Lebertiidae 3
Family Sperchonidae 11
Family Protziidae
Family Arrenuridae
Family Oribateidae 4
Others 20

co

R W

31 59 69 28 43 11 97

N~
wn
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n
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-
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N
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Phylum Coelenterata
Hydroids

Phylum Platyhelminthes .
Class Turbellaria 2

Phylum Annelida
Class Clittelata
Subclass Oligochaeta 10 8 16 23 17 7 18 10 10 10 1 1
Class Hirudinea
Order Ryncobdellida 2

Phylum Arthropoda
Class Crustacea
Subclass Ostracoda
Family Cypridae 1 3 1 209 207
Order Copepoda
Suborder Calanoida
Suborder Cyclopoida 1 4 5
Suborder Harpacticoida 2 1

Phylum Mollusca
Class Pelecypoda
Order Heterodonta
Family Sphaeridae
Pisidium sp.

———

1068 3274
107 13
3408 887
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DECEMBER 6 FEBRUARY 9 MARCH 9 APRIL 13
A B ¢ D A B ¢ 0 A B C D A B C D
T2 1 2 1 2 1 2 1 2z 1 2 1 2 1 2 1 1 1 1 2z 1 1 1 1
R 7 4 2 4 5 6 1 6 4 3
1
1 1 1
7% 8 2 w0 2 5 3 3 2 2 1 6 7 1 2 1 6 3 1 1 6
21 4 5 4 1
33 2 a 1 1 3
1 5
11 1 11 1 1 14 5
4106 17142 6911 10646 8024 9219 6017 15777 14435 3888 5660 10038 4512 4008 9453 12146 1978 63 3191 2011 1399 1716 3376 859 1902
a7 6 5 3 8 6 2 1 1 13 1 2 2 . 5 7 6 3 8
808 5712 5377 5549 154 124 9448 15296 11490 5230 8530 14965 165 290 12038 9548 1122 1847 798 158 3089 1271 1256 346 1334
1 1
11 1 2 31 1 3 12 2 1
0 2 3 3 6 1 2 3 4 4 4 1 2 3 3 3 6 15 12
2 3 13 2 7 1 13 171
1 1 1 1 1
1
a7 2 1 2 1 1 1 11 s 1 101 1 8 3
1 2 3
1t
2 13 4 11 1 5 7 2 2 1 10 112 10
11 1 14 5 2 2 2 1 2z 1 1 & 1 1 3 g 1
1 3 2 2 5 1 s 1 1 10
6 1 1 1 5 3
1 18 1
2 2 1 1 2 1 4 3 3 103
a1 3 1 2 3 1 1 T 3 3 6 1 s & 3 8 5 17 7
1 1 1
1
66 3 10 13 11 2 1 8 2 1 2 25 3 2 2 4 s 7 20 3 3 247
3 2 1 2 13 3 6 125 69 1 11
1 1
1
5 1 3 1 1 1
1 1
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TABLE 16.--Periphytic algae found in Gallop, Loretta, and Wilkeson Creeks during the period of study
(E = estimated dominant form, + = observed form)

GALLOP CREEK LORETTA CREEK
1976 1976 1977

APR FAY JUN—JUC AUG ocT
Station B B B B AB AB A AB AB AB AB

WILKESON CREEK

1976

1977

AUG
ARCD ABCD ABCOD

0CT

JAN™

Division Cyanophyta
Class Mycophyceae
Order Chroococales
Family Chroococaceae
Agmenellum sp.
Enacystis sp.
Order OscilTatoriales
Family Oscillatoriaceae
L!n?b¥a Sp. + E+
sciTTatoria sp. + + 4+ + + o+ + +
Spirulina sp.
FainiTy Ricvulariaceae
Amphithrix sp.
FamiTy Scytonemataceae
Plectonema sp. E + + o+
Division Chryscephyta
Class Bacillariophyceae
Order Pennales
Family Achnantaceae
Achnanthes sp.
Cacconels sp. + +
Rhoicosphaenia sp. +
Family CymbelTaceae
Cymbella sp. + + + + + + + E + 4+ + 4 + +
Family Diatomaceae
Diatoma sp. + E + + + + E E EE ++ + 4+ +
FamiTy Eunotiaceae
Eunotia sp. + + + + + + + + +
Family Fragilariaceae
Fragilaria +
Hannea sp. E
. arcus + 4+ +
Synedra sp. + + + + + + +
FamiTy Gomphomenaceae
Gomphaowmena sp. E + + + + + + + 4+ 44 E+
FamiTy Meridionaceae
Meridion sp. + + + +
Family Naviculaceae
Frustulia sp. + +
Navicula sp. + + + 4+ + + +E + + +
Pinnularia sp. + +
FamiTy Nitzchiaceae
Nitzchia sp. + + + + + + + E + + 4+ +
Class Chrysophyceae
Order Chrysocapsales
Family Hydruraceae
Hydrurus sp. + +
FamiTy Surirellaceae
Surirella sp. ot 4 +
Order Centrales
Family Coscinodiscaceae
Melosira sp. + + +
Division ~ChTorophyta
Class Chlorophyceae
Order Ulotrichales
Family Chaetophoraceae
Stigeoclonium sp, + + + o+ + E+ E+ E+
Family Ulotrichaceae
Ulothrix sp. + + + + + +
Ordér Zignematales
Family Desmidiaceae
Cosmarium sp. +
TTosterium sp. +
Staurastrun sp. +
Family Zignemataceae
Mougeotia sp. + +
Order Oedogoniales
Family Oedognuniaceae
Oedogonium sp. * + * *
Order Yetrasporales
Family Tetrasporaceae

Tetraspora sp. + +

m
+
m
m
+m
+m
+m
mm
+m
+ +
+m
+ +
+m
m o+
+m
m

+

+
+
+

+
+
mm

mm
m 4+

m 4+

+ +
m+

m 4+

mm

m™m

48



*pajewllsy @

/6w ¢juswipas papuadsns

- 05 0 mw mw @w 0s 7/6n <(uz) 2uLZ PaALoOsSLQ
v - 02 . - - - /60 ¢{u7) 4OA{LS PaALOSSLQ
N - ; - 0 -- 2 7/6n *(1N) (9%Lu paniossta
R - 2 - o - 0 7/6n <(6H) Aanosaw (@30}
! H” 0 - 011 -- o1 7/6n ¢(uW) asauebuew paajosstq
8 . » = 2 - € /60’ <(ad) peal paniossiq
¢ 1/6n ¢(33) uoal te3ol
0SS maw oty @w« MON 1 mmw mem 4/6n *(n3) Lwaaou AP
. : ° - -- -- -- /60 ©(03) 3(2Q0D PRAL0SSLQ
0 - 0 - 1 - 0 9/6n €(42) WnLwoyd PaALossiQ
0 = 0 = ° = ° A e it A paatosel
el - ol -- .- -- -- q/6n ¢(28) wnl q L
— 1 - 0 - 0 q/6n ¢(sy) dluasJe. paAalossLq
mu - 0 -- 01 -- 05 7/Bn ¢ (1yY wnutwnie pIA{OSSLQ
0t -- 161 == 60€ -- 9t 7/6w ¢$3u3n3L3suOd JO WNS spLLOS
L9 -- ot - 11 - Gy 7/6w ¢(20LS) BOLLLS PIALOSSLQ
L -- 2 -- € -- T /6w *(4) 8pLaoni} paniossig
L2 -- %2 - g€ - 01 /6w ¢(13) apLao[yd paajossiq
0§ 01 0°§ -- 9°¢ - Sy 9/6w ¢ (P0S) 93esins paaossig
ove 01 087 8¢ 082 18 e /6w Maoumm mmuxuwc__wx_<
0 == -- -- 0 - 0 /6w “tQJe) sieuoque)
0Tt 061 022 9y ove 1 10 /6w ‘€QIR) se ajeuoquedtg
13 -- Z -- v -- z /6w “ (%) wnissejod paa{ossiQ
oct -- 91 -- 8L - §'1 /6w € (eN) wnipos paalossLQ
66 -- 02 -- 6°8 -- 91 7/6w ¢ (6y) wnisaubew paajossiq
ve - 92 .- 0¢ -- 21 /6w ¢(e)) wnid{ed paAjossig
0 ST G 01 0€ o] St /6w *€pJe) se A3LpiLoy
0 -- 0 .- 0 - I /6w ‘€QJe) se SsSaupaey d3PUOQURDUON
021 - 0sT - o1t -- e /6w < (bW ‘ey) £gjed se ssaupuen
801 1°01 0 2°6 [ pr21 9°01 /6w ‘(0g) uabAxo paalossig
- 0 0 0z -- -- - (n1e)y Aatpraang
l°6 '8 6°6 8°L 2°ot €6 8°7 (20) dunjeuadwa]
v°8 €L L9 1°¢ LA 2L L9 ( Amuwczgvza
2052 I® SOyWoJUd LW
629 o1¢ 12d3 28 225 €2 19 95uRIINPUOD J1}1I3dS
01°0 20 0 0£°0s 10°0, 2000 £6°0 £8°0 Am\mpwv abueyosLp snosuetuejsul
0161 SveT 00S1 0007 0€LT 00071 0660 owij
L1129 LL~(2-9 9,-07-21 LL-£2-2 9/-GT-9 9,-01-21 9£-81-11 ajeq
wST166,T2T w9E, 0T, 221 b6 160,227 n€2:12,221  u65.915221  wbS €1,271 w8256, 121 apn3i6uo
wt2:0€080  WET1€208Y «GE 128 o8Y u6G.8€,8Y uST T¥, 8% :ﬁm.mvomv =mm.omowe spniLie’
L 9 S 14 € e 1
uoj | Lwey aye] 6Lg  A3{00M 0upas duiw auLw (tauuny
JAP3U JULW  Je3U Bulw 43U ULl suLw usbly  uokue) anig 1puez uep Kasn02s1Q)
pue{Jsquny jaeuntg ajepayo) |3uuny uos |ogd

sjLsodap {eod Ajuno) 3ibexs

s3Lsodap (P02 A3un0) WOI}eUM

[6 @4nBLy pue G-z saunbiLj ulL UOL4RI0| 03 PuodsSaAU0D duLw yoes 03 paubisse sJaquiny]

(161 J2quR1das-G/6T 49q0330 ‘uoibulyseM uiL sabeuleap sulw-1e0d 4oy eiep A3i{enb-usjem--- /T 379YL

49



‘pajewtisy
*OULW W04 43IM JO IAL}LIUASALdEL aq Jou Aew AN(RA

09 09 0a 0s 0s /6w “juauipas papuadsng
oL - - - - 7/6n ‘(uz) duLz paA(ossig
0 - - - -- 7/6n ¢ (by) JaALLlS paA(0sSig
s -- - - - /6N “(IN) (9%21u paA(ossia

0 - -- -- -- 3/6n *(6H) Aunduaw (e30)
002 -- -- - -- 7/6n ¢ (uy) asauebuew paA(ossiq
ol -- -- -- -- 7/6n *(qd) peal paAlossia
00€ 008°S 0oLl 00t° L 0¢ 1/6n “(ad) uodp (®r0]
L - -- -- -- /6n ¢(nJ) 43ddod paA(ossiq

F] - - - - 7/6n ¢(03) 31eq0d paAlossig
0 . - -- - F/6n (43) wnwodyd paAa(ossiq
L -- -- - - 7/6n “(p3) wniwped paA(ossiLg
o -- -- -- -- 4\03..@m~e=_ﬁ_»huavu>—0mm_n
o
o

-- -- q/6n ‘(sy) oluasde paAlossiq
1/6n *((v) wnuiwn|® paA(OSSLQ
7/6w *sjuany1isuod jo wns ‘spilos

7l -- -- -- == /6w ¢(ZoyS) waLpts paalossig

L - -- -- - /6w €(4) apidon|y paA(ossiq

22 -- -- -- -- /6w *(13) apido(yd paAosstq

02§ - - - - /6w *(VoS) 931es (NS paALossiLg

0€e - -- -- - 1/bu ¢ oucm se AjpuL(ey(y

-- - -- - - /6w *tgye) ajeuoque)

00t -- - - /6w *€gjey se 3jeuoquedtg

v - - -- /6w ‘(%) wnisseyod paalossiq

92 -= -- - - 1/6uw_*(eN) wnLpos paA(0ssiq

06 - -- -- - /6w *(6W) wnisoubew paa(ossiq

081 -- -- -- -- /6w ¢(®)) wRLd|RI PIAOSSLQ

0£2 52 st 09 ] /6w “€gae) se AAippoy

o6t - -- - - 1/6u *E€gyen se ssoupaey 33PUOGURIUON

028 -- -- -- - /6w (bW ‘®3) tpoey se ssaupJdey

Ly vy € vy 6oL 1/6w “(0a) uabAxo paajossig

- == - - - (nLe) A3rprqung

0°€t L 0°6 '8 '8 {J0) d4njedaduwal

#°9 9°9 [ ) £°9 €8x {s3sun) nd

(3052 3@ Soywosd i)

0£9° [ €92 S8t 02§ ve 20uR}ONPUOD Ji4Ld3dg

0°la €0°0a 2709 10°0s 10°0a (s/g34) abueydsip snoduejuejsu]

o£2 L SvLL SLL 0€9L 0091 Ly

9L-2-¢ 9L-%¢-9 9.-t%2-9 9(-¥2-9 9.-%¥2-9 ajeq

«90,00 221 #ELPS (2L ir,€5 2L «95,85 (21 «92.75 121 3pn3Lbuoy

wSC. L€ LY w152 LY Wl 92 Y WL1,5C LY W£2.L2 LY apnitie]

2l ( ol 6 8

([ "ON 3dutad) ¥ "ON £ "ON 2 “ON L "ON
393dsoud su autu autw au
apendoW 40| Ae| 4040} 40| Ke) 10 Ae)

eadr (03 ABPLY PUBRLY-I[ISRIMIN

panuijuo)--//6| 43qualdas-G/61 4290350 ‘uoibuiyses ui saobeuteup aujw-(e0d 404 eiep Aplenb-uajem--/| I7GVL

50



‘pajewt3sy

*3ULW WOJ} 43TRM JO 3AL}RIUISALdaL 3q JOU Aew AnLRA

02 03 0a [\ 02 0a 7/6u *judwipas papuadsng
- - oL -- - - 7/6n *(uz) ouiz paalossig
-- - 0 - - - 7/6n “(6¥) 43ALs paAlossid
-- -- 0 -- -- -- /60 “(IN) {3%21U paAlossLd
-- - 0" - - J/6n “(BH) Aunduaw [ejol
- -- oLt == -- . 1/6n ‘(uR) asauebuew paA|ossig
- -- ) -- - -- 7/6n ‘(qd) peal paAlossig
0x oL 00L°1 oL 00€ 0051 1/6n *(ad) uost jejoL
- -- 0 - - - : q/6n “(n3) 4addod paajossid
-- -- 0 -- -- -- 1/6n *(03) 3[eqod paalossig
-- - 0 - -- -- /60 ‘(40) wniwoayd paaiossiq
- - L /6n *(pJ) wniuped paalossiq
- - o -- -- 7/6n “(3d) uni|A43q parlossig
-— -- 0 - - - 7/6n ¢(sy) oLuasde paAlossid
- - ol - - - /60 ¢ (Ly) wnupmnie pIalossiq
- - - - - - 7/6u .mucmsw.ﬂmcou jo uns *spLios
-- - 9 - - - 1/6W “(€04S) eILLLS PaA(OsSSLE
- - z -- -~ - /6w *(4) apidoniy paAlossig
- - 6°L -- - -- V/6u ;wwv 3pLaoiyd paajossig
- - 8z - - /6w ¢(Vos) a3esins paA(ossLq
- o5t -- -- /buw ‘tgjey se AjLupieyiy
o -— - - - /6w ‘tgyes ajeuoqae)
- - 061 - - - 1/6w “€gjey se ajeuoquesrg
- - 2 - - - /6w (%) wnissejod paajossig
- -— cL - - - 1/6w ‘(eN) wnipos paalossid
- - Y -- - -- /6w ¢(6W) wnisaufew paalossig
- - 6¢ - -- -- 1/6u ¢(e3) wnidjed paalossiq
ot ot S¢ 0ez 0z /6u *Eggey se A3ipiay
-- - 2 - - /6w “€gge se ssaupdey ajeuoqdeduoN
- 9t - -- /6w *(6W ‘e3) €gjey se ssaupdeH
$°'6 5L [°G» 6% €5 /6w *(0g)y uabAxo paaiossig
-- - - - - (nLe) A3rprgany
88 8°'g 6°CL '8 L°6 (J0) a4njeaaduwa]
6°9 0L 99 8'9 v°9 (s3tun) nd
(052 e soywo.dLw)
€9 562 S€€ ov8 1748 08L 32ULBIINPUOSD di§403ads
€€°09 €°0a S°03 0°2 50°0a 20°0a (s/g34) abaeydsip snoauejuelsu]
SYEL Skl oEvl 0oLt SH0L 0€StL Ll
9L-t1l-€ 9.-2-¢ 9L~-2-¢ 9.-2-¢ 9.-2-¢ 9L-Li-¢ aleq
«05,65 121 «12,00 221 »£2,00 22t «11,20 221 »L1,20 22t  .LS,E0 221 apn31buo]
wl2,E€ LY WE0,2E LY WYL2€ LY wl2 1€ LY «82, 18 LY #GLLE LY apniiie]
8l 43 9l St ¥l €l
auw sploukay weas | ‘oN weas weas Kaibeg weas weas
30 yinos 03 ULRUp 6 "ON 03 L "ON 3jeys € "ON 03 £ "ON
abpiy puean  -3dag Kemybiy tauunyg Wo4y 343ALNY Lauung Kabeg

panuijuod--eade (e0d abpLy purJ9-3|3SRIMIN

panujiuod--//6l 4aquazdas-G/el 49q0330 ‘uojbujysem uf sabeutedp aujw-|e0d 40} e3ep A3jlenb-udjeM--"/L IQVL

51



‘pajewtlysy @

/6w ¢
/ JuawLpas papuadsng

0Os
03
w - 0Oa
o - O3
.0 - - 0 % 0
0 0 = - 0 = i 05 o
v - -— - Cl
- - 0° b - - 0
b2 . - 002 s —— - 0 1/6n ¢(u
8 o 09 wmm o - - o.o M“wn .AmavNWwWﬂmM ww»"omn_a
- — == n ¢ H osst
8 s - -0 0ES 026 - 02 J\mhwdwmhwmen uo>—0nmwm
8 - = 0 - -- oot ¢ /B “(uW) asouvbuz POALOSSLD
0 -- - 0 - - -- 0€s 1/6n “(qd) peat ww»_omm_a
0F - - 0 - = = 0 o L) s soa? 10300
-- = - 0 1“ — - 0 7/6n ¢(02) 9ddo> paALossiqg
2 : - 0 - 0 /60 *(a 312q02 PaA 0SS
e - - - - - - 0 9/6n ¢ ) WNWOUYD) PIALO v
£:2 - -- £1 - = - 81 V/e6n .AmAuuV unyupe> poAlossiO
et = = w. = = - ot 7/6n .ﬂw<%=wWwMLon uw>_ommwm
o . - o . Luas. :
6v o - L - - - J\msqmmz (v) ssz_szgu paaLossLa
0 - — -- T SIUBNYLISU l® paALOSsL@
" o - 082 = = -- €1 /6w *(20tS 09 Jo Wns *spi|0§
: o - -- - - - A4 /6w (4 ) ®oLLLS PAALOSS
§.S -- OvE - - g . ) aptaong ta
i-¢ -- - ¢ - - - . ou ((10) LIl Pantossia
3 - - g . - - o gy e ol
H - - 62 i . . ObE‘T ) mﬂumm se hupzppﬁxpa
& - 51 £9 - - -- 8 /6w ou ~*0%ed ajeuo Ly
49 T = O oot -- - 05t ou_*(%) mwmwwwmomuc=onguumw
5 . 062 ; g S - 14! /6w uAmzv.Eﬁ v&>_.owmwo
03 = 5L 6 = - ov 02 1768’ <(6K) anisoubem porLoss
A v -- : . ” tsaub Ha
6'9 L - o1 v o - out /6w “(20) tares bontoseid
. - €
801 0%t go 001 - €s ot 6 “Soey e 'ss3u 0360 50 A3ipioy
02 £l . 2 - 1 /6w (b © pey d3euU0qae
3 -- vz §'9 L e r ) .Mov Bores o6 seatmaon
0°2% 619 . ¢ 0Q) US6K up.ey
sty g v°9 XA X0 paALoS
A 0ev1 B 2008 A e (e Faspiamd
9L-92-2 wN-wmam - §2°09 ¢ 0ST (%0) a;:»m;wnﬁww
wlS 5.1 - 9/-p2- 0 ‘Ta 020°2 (s3tun
S w65 LS 12T w6T.l ret or-0r% cv01 - o Soaom)
o T A A b L A et o1t 0EvT (s/g4) abazsip 5nos 4 aads
o 9. 10 02,05 1 -t-g ’ uejue3su
(puoweLrq 14 " ﬂouv o 4 L0 SL-E~E !
: (9s4n03 4 vz w0€, ONON# nLUy OOONNH
uw”wmw 2 WMF u3.ou €2 2 w81, 9ToLY ”mm“wmowwﬁ 2000221 w%w#
3pAH uress sy :owﬂws autw Aeyd| autu 12 0 =ma.wﬁmxv ‘
4 W weyuJang mehx.»wm 3jeIs 0e apnitbuoy
ow mupsupm gwn&ﬂg 1 .ozmw=_5 Pt
aLoy o
1593 Jeddp 1 910y
1Li4p 3591

30141SED [ROD 4BALY UDDBUY

3NULIU0) quads
panuy -=[L61 JoQUd
1d3s-G£6
1 42G0390 ‘u
036urysem ui sabeupeap au
LW-{ 202 40
3 e3ep A3tlen
t enb-4aqeM-

52



‘pajew}sy 2

-- - -- 0s -- 0s 0s /6w ‘qudwipas papuadsng
. -- oL - -- -- q9/6n “(uz) dJuiz paA(ossiq
-- -- - -- -- -- -- 3/6n *(by) 43A(LS PAALOSSLA
-- - -- L - -~ - /60 C(IN) (3W1u paA(ossia
- - -- L - - -- 7/6n ¢(6H) Aunduaw (e3of
- - - oL - - - q/6n ¢ (uy) asauebuew paA(ossiq
-- - -- £ -- - - 7/6n *(qd) peal paa(ossiq
Ce- - -- ov2 == oey oov*z 1/6n *(34} uost (3oL
- - ‘ 0 da - - q/6n “(n3) 4addod paajossia
-- - - - -- 7/6n “(03) 312q0d paA|ossiQ
- 0 7/6n ¢ (4)) umiwouayd paALossiq
-- 0 - -- 7/6n (pJ) wniwped paalossig
- - . -- -- -- -- /6n ‘(2g) wny((A4aq paALossid
. - - L - -- - q/6n ‘(s¥) dLuadsJe paa|ossig
-- -- -- 0 - -- 0s 7/6n *(1y) wnuiwnie paAlossig
- - - £5L - - -- /6w “s3uanyLisucd Jo wns ‘spLios
-- -- -- 6°L - -- -- /6w “(ois) edr(Ls paALosSLa
- - -- 2 -- - -- /6w “(4) apraon(y paa(ossia
-- -- -- '€ - /6w ‘Ava 3p LU0 (YD PAA(OSSLA
-- -- -- 0/ /6w *(¥05) a1ey(ns paa(ossia
- -- S0L -- /6w ‘tggey se AytuieNty
- -- - 0 - -- -- /6w ‘€pje) ajeuoque)
- - - 098 -- -- -- /6w “€gje3 se ajeuoquedlg
- aa aa € - -- - /6w “{3) wnissejod paAlossiq
- -- - 082 - - -- /6w ¢ (eN) wnipos paA|osSiQ
- . -- L% -- -- -- q/6w <{6y) wnisaubew paa(ossiq
- - - £2 -- - - /6w €(e)) wnid|vd PaA(osSsLQ
-- -- -- S o 512 /6w ‘€ggey se A3 ipLoy
- - -- 0 -- -- q/6w ‘€gye) Se SsSaupaey 332UOGIRIUON
- -- - 7 - - - /6w ‘(6w ‘e)) tpIe) se SSaupJey
- - - 2 a- £ v L q/6w ¢(0a) udbAxo paaossiq
- - -- L -- -- -- (nLe) A3tpLguny
0°8 9 b8 vl 06 Lot £°0L (20) 4njeuadway
(R4 0°L e €L (a4 89 §°9 (s3tun) nd
{2052 e soywoddiu)
881 862 862 ove' L 525 SLY 0EL‘L 30uB3INPUOD 344 133ds
02°0 S°0 10°03 SL°0s 5703 €0°02 2702 (s/g33) abaeyosip snoauejuelsul
ooetL 0oLt 0€S ¢ seLL OElt 0091 00€L uLl
SL~e- (L §L-22-0L §L-22-0L 9L-5(-2L §L-22-0L 9(-0L-€ 9.-0L-€ 33eq
#L5,20 21  .€,85 02L #10,86 021 «0%, 10 (2L «89,85 021 wC1,€5 L2t wl2,45 2L apn3 t6uo
©w02.5L Ly wSP.EL LY w95, 20 ¥ #02.EL LY w0S.EL LY «5,0¢ LY #ES, L0 LY apnitie]
€€ 43 e 0t 62 82 12
(autw autw puasumo] (asnoyuey) aulu (%13 4edu)
alepayel) 9 "oN G *ON € *ON 2 “ON autw auiw aukeg
*0) (e0) uk(soy uk(soy apedse) uksoy eyjeme Ly
apisaxe] uk(soy

eade (00D uk|soy

1I143SLp (20D J3ALY UIILD

panuijuo)--//61 42qualdag-5/61 4390320 ‘uolbujyseM up sabeupedp auiw~|e0d J40j eIep A3L(enb-uajeM--"/| TGVl

53



*pajewLysy 3

- /6w ¢juswipas papuadsng
Os % 4 - mm mw ww q/6n ¢(uz) duLz paA|ossLg
wm = w- - -- - -- q/6n €(6y) 48ALLS paA(osSLQ
-- -- -- -- - /60 f(LN) 13%0LU paA(0OssLq
.¢ - .o - - - -- /6n ¢(6H) Aanddaw (e30f
0 - 0 - -- - -- 9/6n “(uW) asauebuew paAlOSSLQ
fee = 9%¢ - - - - /6n"<(ad) peal paa(ossiq
. - ‘ ¢ 7/6n ¢(94) uodl (ejol
- 000°¢ moo ¢ - ooz 0¢ 006°5 9/6n <(ng) gmaawu PaA[OSSLQ
- - - - -- -- -- 7/6n “(03) 312q0d paA(0sSiQ
- - 0 - - - - q/6n ¢(4)) wniwoayd paA(ossiq
- 0 - - - -- 3/6n ¢(p3) wniwped parjossig
m- - 0 - - - - 9/6n ¢(2g) wni{(A43q paA(0ssLQ
- 1 - -- -- -- q/6n ¢(sSy) dluasae paAL0sSSLQ
mq - 0 - -- -- - 3/6n ¢(1y) wnuiwnie paA(ossiq
- - 1£2 - - -- -- /6w S3uaniLIsuod JO wns “spiLjos
v2 -- 12 -- - -- - /6w €(C0LS) BIL{LS PAA[OSSLQ
1 -- 1° -- -- - - 7/6w (1) apraon(y panLossiqg
e == 81 - L1 8¢ - --1/6u .Awuv aplJo{yd paalossig
6 22 0f 6€ 133 021 68 /6w “(¥0S) @3ejins pan(Ossiq
052 S5 022 L1 091 08t 002 /6w ‘tpje) se Ajluiteyly
0 -- 0 - 0 0 - /6w ‘tgle) ajeuoque)
00€ 19 022 912 002 8§ (1} 74 - /6w €gge) se ageuoquedig
-- -- 1 -- 1 2 -- /6w (%) wnissejod paajossiq
9€ -- 174 -- 0z 65 - /6w _*(eN) unipos paalossiqQ
- == L1 == 91 8t - /6w (6W) wnisaubew paa(ossig
-- -- SE -- e - -- /6w ¢(e3) wnides paa(ossiqg
S St 52 s2 0¢ 0S oY /6w ‘€gJe) se A3iproy
-- - 0 -- 0 0 - 7/6w ¢€gges se ssaupJey 33eUOGURIUON
-- - 091 -- 051 0s¥y -- /6w “(6W ‘e) €oJe) se ssaupuey
€S L8 8¢ I 4 L9 0 £°6 /6w ‘(0a) uabAxo paajossiq
0°9 0%3 0°9 -- -- € 03 (nie) A3Lpiquny
9°6 1°6 b°6 8°6 £'6 9°11 121 (%) @4njesadwa)
0°L 0°L el 0°L 0°¢ €L L (s3tun) ud
(3052 1® Ssoywoudu)
005 0.1 06€ 0S¢ £6¢ £86 ov0*1 3JuUe3ONPUOd d14}dads
02°0s €00°0 v°1 0 [8°0 £0°0 §'Ta (s/¢33) abaeydsip snosuejueysuy
SIET 00ST 0S€T 0091 0€eT 00€1 0041 auwl |
LL~-8 £LL-5-8 9/-£2-8 9L-12-L 9L-12-¢ 9/-12-L £L-5-8 ajeq
u92:€0022T  wet 100221 w€0:120p221 w€0,20g221 n£0:200221 w£0:209221 0620221 apnitbuo
wEE1 0, LY wST1900 Lt nf0:900LY w£0:900/Y w£0:90p LY n£0:90 LY wbS LGy LY apnitie]
oy 6¢ 8¢ 43 9¢ 1 ve
opeuoques auw 8 "ON ¢ °*ON 2 ‘ON T *ON  (Aagud (3Aay
‘Kembueb 1 *ON °34 3{duwes {egJod autw {e3404 Butw {e3u04 Butw J97eM) Butw
Jastnag ‘1 °*oN Kadend WNY00YS  BIJR WNNOONS  BIJLR WNYOONG  BIJR WNYOONS 133uang

LLIH uogue)

PL3L 41RO OpeUOqUR]-UOSIXN| LM

panuljuo)--//61 49qualdas-G/6T 4290390 uolbujysem ul sabeuledp sulw-1e0d 404 eIEp A3L|Enb-dajeM-- /T ERl:IE

54



-pajewtisy 2

7/6w <judwipas papuadsng
% % % o % % 3/Bn “(uz) duiz pantossia
. - - - -- -~ /60 ¢ (By) 4dALLS paAjosSSLg
—- - - 2 -- -- 7/6n C(iN) 13%2LU paALosSiQ
. - - 0" - .- 7/6n ¢ (6H) A4ndudw e3of
. . - 021 - - 1/6n €(uW) 3sauebuew par|ossLg
- -—- -- 0 -- -- 1/6n .mnaVAumw_ paA(ossig
. ‘ « ¢ ¢ 7/6n ¢(24) uou4L |ej0i
mwo 81 mmﬁ ¢ mm T moH L mmm mmm 1 1/6n <(n)) uaddod panLossig
. - -- -- -- -- 3/6n ¢(03) 11eQ0d paajossig
- - -- 0 - - /6n € (43) wnLwo4yd paALossLy
- - - 0 - - /60 ¢(pJ) wniwped paAlossiQ
- - - -- -- - 7/6n ¢(3g) wni{A49Q paALOSSLQ
- - - 0 - - 1/6n ¢(sy) otuas4e paA|osSig
- - - ot -- - 7/6n (|y) wnuwwn|e paALossLQ
- - £82 - - --7/6w sjuan3Lisuod jo wns ‘spLiog
- -- -- »1 -- - /6w *(Z0LS) eSL(LS paA|oSSLg
-- -- -- 2 -- -- 7/6w €(4) apidonyy paalossig
-- -- -- €2 -- -- -=7/6w “((2) 3pLIo(Yd par(ossig
8§ 1L 062 91 22 €1 /6w ¢(Y0S) @3ey|NS paAlossLQ
96 0s ot 0Se 021 0be /6w ‘€pjey se Ajtuiiexy
o - - 0 - - 1/6w <€poe) ajeuoque)
0z1 19 JAS 00€ 0p1 062 1/6w “€pge) se ajeuoquedtig
- - -- 1 . -- /6w (%) wnissejod paajossiQ
- -- - 25 - -~ /6w (eN) wnLpoS pPaA|OSSLQ
- -- -- {1 -- - /6w ¢ (bW) wnisaubew paajossig
- -- - 2€ -- - /6w *(eJ) wnia{eds paalossiq
0p1 05 011 0¢ 52 sz /6w ‘€0Je) se A3LpLoy
- - - 0 -- - /6w «€pJe3 Se SSaupJey 23PUOGJRIUON
-- -- -- 051 -- -- /6w < (6w ‘e3) £oje) se ssaupuey
-- 6°6 2°S vy 9°p -- 7/6w (0g) uabhxo partossig
0'a 0°a 0°a 0°¢ 0'» 0'a (nir) £3piguny
b9t L°01 0 b7 1°6 b6 L6 (J0) P+4nyessdwo)
69 1 9°G 2°L 69 L°L (s3tun) pd
(3052 0 SouwoudLur)
S1e 22 295 909 (82 01§ 9OURIONPUOD IL3139dS
100°0s £€0°0a 20703 01°0 2°0a S'Ta (s/¢33) abaeydsip snoduejueysuy
06€1 0€£0T 0£ST 0001 001 STHT awt |
[L-1-8 LL-T-8 LL-1-8 LL--8 LL-%-8 LL-9-8 ajeq
wbb1 155221 v971.955221 wbZ1955221 wb0: 109221 «92:€0,221 wE21€0y221 apn3 tbuo
w61.10Y,9% n67 0t 9% w060t 9P wT9:00g b w05 v0g LY w190, LY apniLie]
9% Sb 44 (37 44 184
autw uLu Jajung opeuoqJe)
T *ON 2 °ON 1 "ON xejJle4  opeuogue) je ¢{auuny
Ley3uasoy adueL|ay auLysung [3A3] 493BM  J3sSLnUg ‘2 "ON
eaJe [e0d LLLH uoque) LLLH uoque)
pJoJysy
jLsodap |e0d SL{ey3y)-eL|{esua] -XejuLed PL21J( 200 OPBUOQUR])-UOSIY[LM

panuL3uo)-- £/6T 4aqWaIdaS-G/RT 4940330 ‘uojbuLyseM up sabeuiedp duLw-1e0d 4oy eyep A3Lienb-uajem-- ;1 I78VL

55



*pajewtysy 9

0 0 0 0 0a q/6u juawipas papuadsng
0 0 02 02 - 7/6n ¢(uz) outz paajossig
.- - - - - q/6n ¢(by) JaA|{LS PaALOSSLQ
0 0 -- v -- 7/6n €(LN) t9%2Lu paAlossiqg
0 0 0 0 - q/6n ¢ {6H4) Aundusw {e30]
o1 o€ -- 00S -- 7/6n *(uW) asauebuew paA{ossLQ
1 4 4 I - 1/6n “(ad) peal paAlossiq
001 0L 000°T1 000°6€ 00£°8 7/6n (34) uodt (ejo)
0 0 1 1 - 7/6n ¢(n3) aaddod paAatossiq
-- -- - - -- /6n ¢(09) 11eQ0J PaA{0SSLQ
0 0 - 0 - /60 €(43) wniwoays paALossiq
0 0 -- 0 -- 1/6n ¢(p)) wniwped paA|0SSLd
- -- -- -- -- 7/6n ¢(ag) wni}|A4aq paA|ossiQ
0 0 -- 0 -- 7/6n (Sy) oLuasde paAlossig
02 01 -- 01 -- /6n ‘(1y) wnuiwnie paAjossiq
8¢ £0T -- SiL -- 7/6w €S3U3N1LISUOD JO WNS “SPLOS
L8 2t - 1€ - /6w *(01S) ®OLLLS PaALOSSLQ
A T i T - 7/6w ¢(4) spraoniy paALossig
1°2 §°1 -- St -- 7/6w ¢(13) 3pLUOLYD PAALOSSL]
12 6'9 (181 obtr 012 1/6w <(Y0S) 31e(NS PAA(OSSLQ
ov€ 1 3 (8 -- ) 76w <£nje) se Aqrur|eily
0 0 0 0 -- : 7/Bw ‘toJe) a3eUOQUR)
(8147 v6 L€ 011 - 1/6w ¢€oge) se ajeuoguedty
3 G* -- 9 -- /6w () wnissejod paAjossiq
68 0°9 -- 0L1 -- /6w ¢(eN) wntpos PaALoOSSLQ
9°6 9y €1 1 - /6w ¢ (6W) wnisaubew paALoSSLQ
6b €2 €€ LS -- /6w €{e3) wnio|ed PAALOSSLQ
o€ o1 0 08 0s /6w <€pgey se A31pLoy
0 0 071 (1) - /6w ‘€0Je) Se SSauUpJRY IIBUOGURIUON
091 9L . ovl 002 -- /6w (6w ‘e)) €pje) se ssaupuey
§°6 8°L -- 61 €8 /6w ¢(0Q) uabAxo paaLosstq
0°1 0 0 0 0 (nie) A3tpraang
€6 0°8 '8 ST 96 (30) du4nieuadus
vl 21 b9 €9 0'9 (s31un) Hd
(9052 3® SOYwo.dLw)
989 891 S1€ 052°1 025 35Ue3INPUOD D1J13dS
0€°05 GT°0s 06°0 T°0s 02°0s (s/¢13) abJeydsip snoauejuelsuy
S191 §160 0297 00€T 0ev1 awLl
LL-1-6 LL-T-6 SL-91-v LL-22-L 11-22-L a3eqQ
wET1167p221 w0t 1221 wGt.8Y22T w€5. 6,221 8%, 8,221 apn31buo
wG21299% w81,12€09 +00, 909 A1 wl2:50o9b apnytie
18 08 (4 8t J4

(abeutreap autw auLw

auLw ppel  (uoques-LH) y1nos) ado|$ U LUd

suuw se{ly T °ON Ouoj allag xoeig

s3Lsodap {e0d J0L4ISLP |ROD SL|RY3Yj-RL|RUIUD)

£1Un09 SLM3T U4I}Se]

panuLIu0)-~7/6T J2qualdas-G/6T 48903120 ‘uojburyseM ur sabeuleup aulw-{e0d 403 Blep AjLjenb-uajem--' ;1 319vVL

56



jue3 But{333s yYdea 3 u3x2: SI|dWeS JUSUASLLP 03 43334 S43CL . TuinSe
065°6 -- ot € -- 02 2 000°62 0 ot t 0 0¢ 9L 0291 L Aaangs
2 "ou
juey Bugi3iiag
ote‘s 8 1 S oL 9 0g 2 000°0¢L 0 ot L L 0g 98 0£80 L Adunys
{ "ou
juel But{iiag
ot -- b ot 4 0€ L 009°1 0 ot 0 0 0¢ 0§ ootl s
1553 210yado0q
2A0QR {3349 3(29
(1/6uw) (1/6u) (1/6u) (uz) (N} (ud)  (ad)  (a4)  (nY) (43) (®3) (sv) (v} (s3uan awl 3113
uotjedy (2) (2) uLz [EXEIV] asau peaj {303 4addod wn tw wnid  dludsse wnut -3115U03
-Ua3u0d otuebuo Juebac paA{os paAios  -ebuew paA(0S ‘uodr  P3AOS  -04yd -ie> paaos -wnie 30 uns)
judwipas  papuadsns paAos -sig -std  PpaAios -sig -SLJ PIALOS  PIALOS -Stg  PpaAlos SpLLOS
papuadsng ‘uoque) -sip -s.g -sig -sig -s10 paALos
‘uogued -stg
4231 43d sweuboadty 493ty 4ad
swedby (| W
-- -- -- -- -- - - -- - -- .- -- -- 8'3 -- 9°§1 08 85 oLoz p Aaanis
-- -- -- -- -- - -- - -- - - -- - 6 -~ 2°st 08 €S oLt € Adunyg
9t L 0" 0L 0 LL L 1°6 L2 8°9 0° 0 8 6°8 08y 0wt 8L S9 029t 2 Auanis
-- -- - - - - - -- -- -~ - -- - - -- 2°sL L 2§ 0b9tL el Adunis
Z °ou
juel But(3lag
== - - €1 -- s9 - - -- -- 0- -- -- €L 09¢ 21 0°8 95 5002 9 Addnis
-- -- -- AN - 2L - -- -- -~ 0 -- - L 02§ 9§l 9°L 55 5061 § Adanys
== - - 2°5 - 39 -- - -- -- "N -- == 0°6 0%S 0°St 6°¢L €5 0y9t ¥ Aaanis
== e - S°L -- €9 == -- -- -- 0° -= -- $°8 2134 87l L 19 0gsL € Auanis
- - e 'l - 28 -- - == -- ar -- -- -- 02L £°5L 3L S9 oovL 2 Aaunis
9L L A S°L 0 06 6" 8°6 872 93 0" 0 €2 -- 0002 O°¥L Ll 1A 0geL et Adunis
t ‘ou
Auel BuL (3335
At 1°0 I 571 0 2€ 6°0 8°¢ 22 6°9 (M1} Q 92 9°6 L oL 1°¢ 0s 0oLt LS
310ya40q 24A0G2
39947 319
{-0t5) e Gon Gomr 0 (e (6W)  (e3) (4H) ssau (Swee) uabAxo (AN} (3,) (Swum) (3,62 duwtl 2115
e3t1Ls pLd apLd 3YEFL75 ILRUOCG  IRU0Y wWNLS  wnipos wnis wntdjed AL ~pJey $Sau  PaA{os A3p 34ny Hd 1e soyu
POA{IS -noljy  -O{uS  D3AL:T ~uR)  -4@2lg -seiod  paajos  -aubew  pIA(0S  -pldy  93BUOG -pdey -sig -tq4anp -eu3d -0udtuw)
-Std PAAL0S Paaos -stQ paAos -S1g paAlos -sig -JRJUCN -w3l ddue
-s1q -sta -sig -siq -32npuod
4311 49d swebiilia It4123ds
9/61 ‘62 3unp ‘311S 3593 Sutuiu J1|nespAy-3{oy3azoq 4o} eien AyLienb-usieM--3¢ 37EVL

57



TABLE 19.--Mines found dry, draining but inaccessibie, or not located in the general coal-bearing areas of Washington

Township,
Site name range, Remarks
(by general coal-bearing areas) section Observed Reported Observed Reported
Whatcom County coal deposits
en Echo mine 38/4E-4 X Owned by West Coast Mines, Inc.
Skagit County coal deposits
Lake Murray 33/4E-36 Mine entrance caved in.
*Mt. Vernon 33/4E-26 Mine unknown by residents.
Issaquah-Grand Ridge coal area
‘geyno1ds mine 24/6E-13
*Black Nugget mine 24/6E-14
Indian coal mine 23/6E-19 X Collapsed tunnel.
Mine No. 1 across Cedar River 23/6E-29
*Unnamed mine 23/7E-1 Mine location covered by addition
to Interstate 90.
*Unnamed mine 23/5E-36 X
Fire King coal mine 23/5E-25 X
Green River coal district
Mine across Green River from
Flaming Geyser State Park 21/6E-27 X Collapsed tunnel.
Mine near Kummer mine 21/6E-26 X Do.
Durham mine No. 1 21/7E-2 X
Gem mine 21/6€-27 X Owned by Gem Coal Co.; collapsed
tunnels.
Unnamed mine 21/6E-25
Unnamed mine 21/6E-36 X
New Hyde mine 21/7€-29 X
Gibbon's No. 3 mine 21/7E-16 X
Unnamed mine 21/7E-2 X
Unnamed mine 22/6E-25 X 01d shaft gone, now a strip mine.
Unnamed mine 22/6E-25 X Collapsed shaft.
Unnamed mine 22 /6E-24 X Two mines, a dry shaft and an abandoned
strip mine (contaminated water).
Unnamed mine 22/7E-28 3
Unnamed mine 22/6E-36 X
Rosl;n coal area
atrick mine
(Ros1yn Cascade No. 4) 20/14E-12 X
Mine No. 2 20/14E-16 X
Mine No. 6 20/15E-16 X
Mine No. 9 20/15E-2 X
Fanhouse mine No. 5 20/15E-21 X
Mine No. 7 20/15E-22 X
Taneum - Manastash coal area
Prospect No. 16/19E-33 X
Shaft No. 2 18/15E-14 X Three prospects visited.
Shaft No. 3 18/15E-10 X
*Unnamed shafts 18/15E-22 Covered by road.
*Tunnel No. 5 19/15E-26
Shaft No. 6 19/15E-34 X
Wilkeson-Carbonado coalfield
Burnett No. 1 (air portal) 19/6E-16 Portal sealed with cement.
*Section 21 tunnel 19/6E-21 Two tunnels along road grade on
topographic map.
Section 28 tunnel near
Spiketon Road Collapsed entry.
Section 28 tunnel south 19/6E-28 X Several adits on hillslope south of
of Wilkeson Wilkeson.
Section 27 tunnel 19/6E-27 X 450 slope with water; unsafe; reported
by resident to be dry all year.
Peacock, Acme, Champion, 19/6E-22 X Four adits at Karter's Lake; reported by
and Pittsburgh mines _resident to be dry all year.
*Winsome mine 19/6E-23 Reported to be 2 miles NE of Wilkeson;
may drain to South Prairie Creek.
Unnamed mine 29/6E-27 X Adit in Wilkeson Creek.
Unnamed mine 19/6E-27 3 Do.
Unnamed mine 19/6E-34 X Collapsed slope entry in
Carbonado watershed.
Carbonado tunnel 18/6E-4 X Collapsed tunnel.
Wingate Hill tunnels 18/6E-5 Inaccessible; draining same seams are
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TABLE 19.--Continued

“Township, Dry Draining
Site name range, Remarks

{by general coal-bearing areas) section Observed Reported Observed Reported

Fairfax-Ashford coal area

Unnamed mine near Fairfax 18/6E-26 X Collapsed entrance; tailings present.
Mashel mine near Ashford 15/6€-27 X
Centralia-Chehalis coal district
Superior No. 2 mine 14/24-29 X Reported to drain in winter.
Sheldon mine 14/2W-33 X
Leonard mine 14/2u-28 X
Reliance No. 1 mine 14/2W-28 X
Superior No. 1 mine 14/2W-29 X Reported dry all year.
Twin City mine 14/2W-29 X
*Salzer Valley King mine 14/2u-22
Gibson mine 14/2W-23 X
T and T mine 14/2u-23 X
Golden Glow No. 1 mine 14/21-23 X Reported dry all year.
Golden Glow No. 2 mine 14/20-23 X Do.
*Richmond mine 15/2uW-34 Unknown by resident.
*Eureka mine 14/2u-2 Unknown by property owner and resident.
*Florence mine 14/2u-2 Do.
*Potlatch mine 14/2uW-3 Do.
Wabash mine 15/2uW-33 X
Non-Poreil mine 15/2W-29 X
Stoker mine 15/2u-29 X
Monarch No. 2 mine 15/2W-30 X
*Perth mine 15/2u-29 Unknown by property owner.
Black Bear 16/1W-31 X Area logged and graded over.
Black Cherry 16/1W-31 X Do.
Black Jewel 16/1W-31 X Do.
*D and F mine 15/1€-18 Unknown by residents.
*Majestic (Thompson mine) 15/1E-18 Do.
Eastern Lewis County coal deposits
Cambridge mine 14/5€-17 X Collapsed entrance.
Divide mine 14/5€-29 X Do.
Bell mine near Morton 13/4E-26 X Inaccessible.
Coal Canyon mine near Morton 13/4E-36 X Three slope entries, one with standing
water.
Weikel mine 14/10E-13 X

Kelso-Castle Rock coal area
Huntington and ETy mine 9/2W-24 X Mine entrance graded over, now
under highway.

Silver Lake mine

(Coal Bank Rapids) 10/1W-30 X Caved in.
*Tower Prospect 10/1-10 Entrance reported to be on river bank
of Toutle River.
*Idlemon mine 9/24-1
*Schuff mine 10/2w-27 Unknown by property owner.

* Unable to locate.
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TABLE 20.--Summary statistics for water-quality analyses from the
coal-bearing areas in Washington, October 1975-September 1977

Number of

Physical-chemical constituents Mean Standard Max imum Minimum analyses

deviation . used
Specific conductance 510 453 1,700 23 51

(micromhos at 259C)

pH (units) 7.0 .5 8.4 5.6 50
Temperature (OC) 9.7 2.5 16.4 2.8 51
Dissolved oxygen (DO), mg/L 5.6 3.7 12.4 .0 43
Hardness as CaCO3 (Ca, Mg), mg/L 189 184 820 37 i8
Noncarbonate hardness as CaC03, mg/L 40 118 490 0 18
Acidity as CaC03, mg/L 53 64 230 0 46
Dissolved calcium (Ca), mg/L - 45 40 180 12 18
Dissolved magnesium (Mg), mg/L 19 21 90 1.6 18
Dissolved sodium {Na), mg/L 82 116 450 1.5 18
Dissolved potassium (K), mg/L 2.5 2.1 8 .2 17
Bicarbonate as CaC03, mg/L 245 270 1,340 14 30
Carbonate CaC03, mg/L 0 -- 0 0 17
Alkalinity as CaC03, mg/L 217 226 1,100 11 30
Dissolved sulfate ?804), mg/L 78 127 520 3.5 29
Dissolved chloride (C1), mg/L 3.4 4.5 21 1.0 18
Dissolved fluoride (F), mg/L .3 .3 1.3 .1 16
Dissolved silica (Si0p), mg/L 14 7 31 4.5 16
Dissolved aluminum (A1), ug/L 19 17 50 0 17
Dissolved arsenic (As), ug/L 2 5 18 0 16
Dissolved cadmium (Cd), ug/L 0 - 1 0 16
Dissolved chromium (Cr), ug/L 0 - 1 0 15
Dissolved copper (Cu), ug/L 1 5 20 0 17
Total iron (Fe), ug/L 2,300 6,400 39,000 0 44
Dissolved lead (Pb), ug/L 3 2 10 0 17
Dissolved manganese (Mn), ug/L 140 140 500 8 1o
Total mercury (Hg), ug/L 0 -- .1 .0 17
Dissolved nickel (Ni), ug/L 2 2 4 0 16
Dissolved zinc (Zn), ug/L 8 9 20 0 17

60



TABLE 21.--Averages and weighted averages for sulfur content
of Washington coals

Percent sulfur

Weighted
Average average*

General coal-bearing area

Whatcom County coal deposits 0.98 0.73
Skagit County coal deposits .55 .37
Issaquah-Grand Ridge coal area .75 .63
Green River coal district .62 .57
Roslyn coal area .40 .41
Taneum Manastash coal area** - -~
Wilkeson-Carbonado coalfield .62 .69
Fairfax-Ashford coal area .63 .54
Centralia-Chehalis coal district 1.82 1.12
Eastern Lewis County coal deposits .67 .64
Kelso-Castle Rock coal area 1.38 .63
Explanation:

*Weighted averages is based on total tonnage for all coal areas for
which proximate analyses were available.
**Proximate analyses not available.
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